Nitrates in surface waters, inputs and seasonality: Phase 2 by Casey, H. et al.
FRESHWATER BIOLOGICAL ASSOCIATION 
River Laboratory, East Stoke, Wareham, Dorset BH20 6BB 
Nitrates in surface water, 
inputs and seasonality 
Phase 2 
by 
H. Casey, M.Phi l . , C.Chem., FRSC 
Ralph T. Clarke, M.Sc 
S.M. Smith 
Project Leader: H. Casey 
Report Date: July 1988 
Report to: Department of the Environment 
Contract No: DoE PEC D7/7/136-93/84 
FBA Report Ref: RL/T02006-1/1 
TFS Project No: T02006-1 
Nitrates in surface water, 
inputs and seasonality 
Phase 2 
The Freshwater Biological Association is part of the Terrestrial 





OBJECTIVES AND WORK PROGRAMME 7 
PHASE 1 : April 1984 - April 1987 
PHASE 2 : April 1987 - June 1988 : this report 
1 METHODS AND SAMPLING 8 
1.1 Intensive Automatic Sampling 
1.2 Discharge Records 
2 RAINFALL 9 
3 INTENSIVE AUTOMATIC SAMPLING DATA 10 
3.1 Continuity of sampling and general variability 
of concentration 10 
3.2 Variation in nitrate concentration within each day 12 
3.3 Comparison with the routine weekly spot sampling 15 
3.4 Automatic sampling at the Dorchester site 15 
4 ANALYSIS OF THE LONG-TERM CHANGES IN NITRATE PATTERN IN 16 
THE RIVER FROME AT EAST STOKE, DORSET 
4.1 Long-term trend in nitrate concentration 16 
4.2 Overall seasonal pattern of nitrate concentration 17 
4.3 Simple model describing the trend and seasonality 17 
4.4 Changes in seasonal pattern of nitrate concentration 18 
4.5 Discharge regime over the period 1965-87 20 
4.6 Long-term trend in nitrate loading 21 
4.7 Changes in the seasonal pattern of nitrate loading 22 
5 SAMPLING TO ESTIMATE NITRATE LOAD 25 
6 TIME SERIES MODELLING OF NITRATES 26 
6.1 Short-term autocorrelations 1n nitrate concentration 26 
6.2 Modelling the long-term records of nitrates 28 
6.3 Time-series analysis of discharge 30 
6.4 Modelling the relationship between nitrates 
and discharge 32 
7 REFERENCES 33 
8 ACKNOWLEDGEMENTS 33 
SUMMARY 
I n f o r m a t i o n on n i t r a t e c o n c e n t r a t i o n s and d i s c h a r g e h a s been c o l l e c t e d 
on t h e R i v e r Frome a t E a s t S t o k e s i n c e 1965, u s i n g t h e same a n a l y t i c a l 
n i t r a t e method s o t h a t t h e r e s u l t s a r e c o m p a r a b l e . T h e s e r e c o r d s of 
w e e k l y s p o t v a l u e s of n i t r a t e c o n c e n t r a t i o n and d a i l y mean d i s c h a r g e s 
have been a n a l y s e d f o r t r e n d s and s e a s o n a l p a t t e r n s in b o t h 
c o n c e n t r a t i o n and n i t r a t e l o a d i n g s . 
In t h i s e x t e n s i o n o f o u r n i t r a t e c o n t r a c t , a new a u t o m a t e d method of 
i n t e n s i v e s a m p l i n g h a s been used t o m o n i t o r s h o r t - t e r m v a r i a b i l i t y and 
t o a s s e s s how w e l l s i m i l a r r o u t i n e ( w e e k l y ) s a m p l i n g schemes can 
r e p r e s e n t t h e t r u e n i t r a t e r e c o r d . 
(A) N i t r a t e C o n c e n t r a t i o n 
1 The l o n g - t e r m w e e k l y - s a m p l i n g n i t r a t e r e c o r d shows t h a t n i t r a t e 
c o n c e n t r a t i o n h a s been c o n s i s t e n t l y i n c r e a s i n g f r o m an a n n u a l 
a v e r a g e of 2 . 0 5 mg/1 NO3N in 1965 t o 4 . 4 1 mg/1 in 1987, an a v e r a g e 
i n c r e a s e of 0 . 1 1 mg/1 p e r y e a r . 
2 The n i t r a t e c o n c e n t r a t i o n s a r e on a v e r a g e h i g h e r i n t h e w i n t e r t h a n 
i n t h e summer and t h i s a n n u a l c y c l e can be d e s c r i b e d by a c o s i n e 
wave p e a k i n g i n e a r l y F e b r u a r y . The s e a s o n a l v a r i a t i o n i t s e l f h a s 
i n c r e a s e d o v e r t h e 23 y e a r s a s a v e r a g e c o n c e n t r a t i o n s have 
i n c r e a s e d . 
3 The t r e n d and i n c r e a s i n g s e a s o n a l p e r i o d i c i t y i n n i t r a t e 
c o n c e n t r a t i o n can be d e s c r i b e d by t h e s i m p l e r e g r e s s i o n model : 
N = 2 . 2 0 5 + 0.109YR + ( 0 . 3 3 5 + 0 . 0 2 7 YR).CW 
where YR = Time s i n c e 1965 = Trend 
CW = C o s i n e ( ( s a m p l e week - 5 ) / 5 2 ) 
= S e a s o n a l i t y , p e a k i n g i n e a r l y F e b r u a r y . 
T h i s e q u a t i o n e x p l a i n s 73.6% of t h e t o t a l v a r i a t i o n in n i t r a t e 
c o n c e n t r a t i o n s i n c e 1965. I t i m p l i e s t h a t t h e i n c r e a s e o f 2 . 3 6 mg/1 
i n a n n u a l mean v a l u e o v e r t h e p e r i o d h a s been accompan ied by an 
i n c r e a s e i n a v e r a g e s e a s o n a l v a r i a t i o n f r o m 0 . 6 6 mg/1 in 1965 t o 
1 . 8 6 mg/1 i n 1987. 
L i n e a r t r e n d s f o r e a c h q u a r t e r of t h e y e a r o v e r t h e p e r i o d 1965-87 
show t h a t n i t r a t e c o n c e n t r a t i o n h a s i n c r e a s e d in a l l s e a s o n s o f t h e 
y e a r b u t t h a t t h e i n c r e a s e i s g r e a t e s t i n w i n t e r . A v e r a g e 
summer ( J u l y - S e p t e m b e r ) c o n c e n t r a t i o n h a s i n c r e a s e d by a b o u t 2 mg/1 
f r o m 1 . 7 mg/1 i n 1965, w h i l s t a v e r a g e w i n t e r c o n c e n t r a t i o n s h a s 
i n c r e a s e d by a b o u t 3 mg/1 f r o m 2 . 4 mg/1 i n 1965. 
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4 The R i v e r Frome a t E a s t S t o k e was i n t e n s i v e l y s a m p l e d u s i n g t h e new 
a u t o m a t e d method f r o m J u l y 1987 u n t i l A p r i l 1988. Where p o s s i b l e a 
30 m i n u t e s a m p l i n g f r e q u e n c y was m a i n t a i n e d , p r o v i d i n g o v e r 8000 
v a l u e s of n i t r a t e c o n c e n t r a t i o n . Over t h e n i n e - m o n t h p e r i o d t h e 
a v e r a g e of t h e r o u t i n e w e e k l y s a m p l e n i t r a t e v a l u e s was 4 . 6 0 mg/1 
and t h e a v e r a g e of a l l t h e c o r r e s p o n d i n g d a y s ' i n t e n s i v e s a m p l e s 
was 4 . 9 0 mg/1 . The d i f f e r e n c e of 0 . 3 mg/1 p a r t l y r e p r e s e n t s t h e 
s m a l l amounts of n i t r i t e i n t h e w a t e r which were o n l y measu red by 
t h e new a u t o m a t e d m e t h o d . The r a t i o of week ly v a l u e t o i n t e n s i v e 
s a m p l i n g mean n e v e r e x c e e d e d 1 . 0 8 , b u t on one day was o n l y 0 . 6 5 - a 
35% u n d e r e s t i m a t i o n . 
5 Over t h e n i n e - m o n t h 30 m i n u t e i n t e n s i v e s a m p l i n g p e r i o d , t h e 
n i t r a t e c o n c e n t r a t i o n v a r i e d by l e s s t h a n 1 mg/1 w i t h i n 76% of t h e 
d a y s . 
6 The l a r g e s t r a n g e s i n n i t r a t e c o n c e n t r a t i o n w i t h i n a day were o v e r 
2 . 5 mg /1 , e q u a l t o a b o u t 60% o f t h e d a y ' s mean c o n c e n t r a t i o n . These 
l a r g e r a p i d c h a n g e s i n n i t r a t e c o n c e n t r a t i o n o c c u r r e d in O c t o b e r 
1987 i n r e s p o n s e t o t h e f i r s t heavy r a i n s a f t e r a l o n g d r y p e r i o d . 
A l t h o u g h t h e r e were f u r t h e r p e r i o d s of heavy r a i n i n November and 
December 1987, t h e n i t r a t e c o n c e n t r a t i o n s d i d n o t f l u c t u a t e a s 
w i d e l y a s i n O c t o b e r . 
7 I n m i d - w i n t e r , t h e n i t r a t e c o n c e n t r a t i o n s we re g e n e r a l l y f a i r l y 
c o n s t a n t a t a r o u n d 5 mg /1 , d e s p i t e l a r g e v a r i a t i o n s i n d i s c h a r g e . 
(B) N i t r a t e Load 
N i t r a t e l o a d is a p r o d u c t o f n i t r a t e c o n c e n t r a t i o n and r i v e r 
d i s c h a r g e . 
8 T h e r e h a v e been no l o n g - t e r m c h a n g e s i n d i s c h a r g e p a t t e r n o v e r t h e 
p e r i o d 1 9 6 5 - 1 9 8 7 . The t e n d e n c y f o r h i g h c o n c e n t r a t i o n s t o be be 
a s s o c i a t e d w i t h h i g h d i s c h a r g e s h a s n o t i n c r e a s e d o v e r t h e y e a r s . 
T h e r e f o r e any i n c r e a s e i n n i t r a t e l o a d i n g i s d u e e n t i r e l y t o 
i n c r e a s e s i n n i t r a t e c o n c e n t r a t i o n . 
9 E x a m i n a t i o n of t h e l o n g - t e r m r e c o r d f o r t h e R i v e r Frome shows t h a t 
t h e c o e f f i c i e n t of v a r i a t i o n of n i t r a t e c o n c e n t r a t i o n w i t h i n a y e a r 
( e l i m i n a t i n g v a r i a t i o n due t o l o n g t e r m t r e n d ) i s o n l y 20% of t h e 
mean, w h e r e a s f o r d i s c h a r g e i t i s 58%. T h i s s u g g e s t s t h a t even in 
t h e R i v e r Frome, where f l o w s a r e f a i r l y s t a b l e , t h e v a r i a t i o n i n 
f l o w c a u s e s o v e r 80% o f t h e v a r i a b i l i t y of t h e n i t r a t e l o a d . 
N i t r a t e l o a d s a r e c o n s e q u e n t l y much more v a r i a b l e r e l a t i v e l y t o 
n i t r a t e c o n c e n t r a t i o n s . 
10 B e c a u s e l o a d s a r e v e r y v a r i a b l e and odd y e a r s m i g h t d o m i n a t e any 
r e g r e s s i o n e q u a t i o n , a r a n k c o r r e l a t i o n t e s t f o r l o n g - t e r m t r e n d 
a n a l y s i s h a s been i n c l u d e d . 
T h e r e a r e s t a t i s t i c a l l y s i g n i f i c a n t i n c r e a s e s 1n l o a d o v e r t h e 
p e r i o d 1965-1987 f o r e v e r y s e a s o n e x c e p t summer ( J u l y - S e p t e m b e r ) , 
w h e r e t h e i n t e r - y e a r v a r i a t i o n may be mask ing t h e s m a l l e r i n c r e a s e . 
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11 L i n e a r r e g r e s s i o n and r ank t e s t s f o r t r e n d d i d n o t r e v e a l any 
s t a t i s t i c a l l y s i g n i f i c a n t t r e n d s i n t h e p r o p o r t i o n of a n n u a l l o a d 
b e i n g t r a n s p o r t e d e a c h s e a s o n . 
12 On a v e r a g e 44% o f t h e n i t r a t e l o a d i s t r a n s p o r t e d i n t h e w i n t e r 
p e r i o d ( J a n u a r y - M a r c h ) . In c o n t r a s t o n l y 11% of t h e a n n u a l l o a d i s 
t r a n s p o r t e d d u r i n g t h e summer p e r i o d ( J u l y - S e p t e m b e r ) . 
13 A s i m p l e f i r s t - o r d e r a u t o r e g r e s s i v e model on t h e s e a s o n a l l y -
a d j u s t e d c o n c e n t r a t i o n s e x p l a i n s 87.5% of t h e t o t a l n i t r a t e 
v a r i a t i o n , t h r e e e x t r a a u t o r e g r e s s i v e t e r m s o n l y e x p l a i n a f u r t h e r 
1.7%. 
The c o n c e n t r a t i o n a t any g i v e n t i m e i s c l o s e l y r e l a t e d t o t h e 
c o n c e n t r a t i o n one h o u r p r e v i o u s l y and t o a l e s s e r e x t e n t w i t h t h e 
p r e v i o u s d a y ' s c o n c e n t r a t i o n . 
An a d e q u a t e model of i n t e n s i v e s a m p l i n g (30 m i n u t e b e h a v i o u r ) would 
i n v o l v e s e v e r a l t e r m s and b e t t e r d i s c h a r g e d a t a and i s beyond t h e 
s c o p e of t h i s r e p o r t . 
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Obviously all river sites and sampling periods can differ in their 
short term variability of nitrate concentration and loading; being 
dependent upon upstream catchment characteristics, the rainfall 
pattern, and the land use, especially with respect to nitrogen inputs. 
This study was based on the River Frome in Dorset. Its predominantly 
chalk catchment, gives it a fairly stable discharge of 2-22 m 3s _ 1, and 
the chalk aquifer tends to reduce the chemical variability of the 
river water. Thus the conclusions given below are likely to be 
understatements of the situation in other similar-sized rivers. 
The extent to which concentration can vary within a day influences 
the accuracy with which single weekly, daily or monthly samples can 
represent the true nitrate concentration. 
1 On the majority of days, nitrate concentration varied by less than 
1 mg/1 NO3N. 
2 However, heavy rains after a dry spell can lead to nitrate 
concentrations increasing by 2-3 mg/1 over a few hours and then 
falling back within a short time interval. Such occasions are also 
likely to give rise to the highest concentrations. Routine weekly 
or even daily spot sampling is unlikely to detect such short-term 
peaks. 
3 If nitrate concentrations are being monitored for EC water quality 
regulations it is desirable to have sampling programmes that can 
measure these short term changes. Automated regular sampling at 1-4 
hour intervals could be an effective way forward. 
Alternatively an intelligent flexible approach could be used. 
Weekly sampling is adequate to monitor concentration and estimate 
load during dry spells at any time of the year. When rain begins 
and discharge starts changing rapidly, especially after a dry 
spell, then several samples need to be taken per day. 
4 Even in the River Frome where flows are fairly stable, it has been 
shown that the variation in discharge causes over 80% of the 
variability of the nitrate load. This is because discharges are 
relatively more variable than nitrate concentrations. 
(The proposed simple approach of assessing the relative 
contribution to variability in load could be applied to any river.) 
5 Nitrate loading is consequently relatively much more variable than 
nitrate concentration. However because it 1s more dependent on 
variation in discharge than nitrate concentration, and the peaks 1n 
concentration last for less than a day, monthly and annual loads 
can still probably be adequately estimated from a daily mean 
discharge record and one or two nitrate samples per week. 
6 Though loads in any one year can be adequately estimated with 
weekly or twice-weekly nitrate sampling, annual variations in 
rainfall and hence discharge make it difficult to confidently 
detect long-term trends in nitrate loadings from just a few years' 
data. 
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7 More r e s e a r c h i s s t i l l needed i n t o i m p r o v i n g m e t h o d s f o r e s t i m a t i n g 
l o a d s . T h i s i n v o l v e s f r e q u e n c y of w a t e r c h e m i s t r y s a m p l i n g , and how 
b e s t t o combine t h e c o n c e n t r a t i o n d a t a w i t h t h e b e s t a v a i l a b l e 
d i s c h a r g e r e c o r d . 
Two c h a n g e s i n a g r i c u l t u r a l p r a c t i s e t h a t c o u l d e f f e c t n i t r a t e 
l o a d i n g s and run o f f a r e h i g h l i g h t e d : 
8 T h e r e a r e l a r g e i n c r e a s e s i n a c r e a g e s o f o i l s e e d r a p e and p o s s i b l y 
o t h e r v e g e t a b l e o i l c r o p s . ( T h e s e c r o p s r e q u i r e h i g h a p p l i c a t i o n s 
of n i t r o g e n f e r t i l i s e r ) . 
9 The i n c r e a s e d a p p l i c a t i o n s of n i t r o g e n f e r t i l i s e r t o g r a s s l a n d . 
I n t h e r e p o r t f r o m p h a s e 1 o f t h e c o n t r a c t s e n t t o t h e D e p a r t m e n t 
in 1987 , c o n c l u s i o n 5 s t a t e d t h a t t h e r e was a d i s t i n c t p o s s i b i l i t y 
t h a t n i t r o g e n f e r t i l i s e r a p p l i c a t i o n s t o D o r s e t g r a s s l a n d would 
i n c r e a s e . New i n f o r m a t i o n f r o m l o c a l f a r m e r s shows t h a t i n c e r t a i n 
c a s e s , b e c a u s e o f t h e m i l k q u o t a s i t u a t i o n , n i t r o g e n f e r t i l i s e r 
a p p l i c a t i o n h a s i n c r e a s e d . F a r m e r s a r e t e n d i n g t o c u t down on some 
f o o d c o n c e n t r a t e s a s c a t t l e f o o d , and a r e u s i n g t h e i r g r a s s 
i n s t e a d . I n many c a s e s t h e f a r m e r s a r e i n t e n s i f y i n g t h e i r g r a s s l a n d 
management in o r d e r t o g e t an e x t r a s i l a g e c u t . 
Whether t h i s s i t u a t i o n i s o c c u r r i n g n a t i o n a l l y i s n o t known, b u t 
t h e D e p a r t m e n t s h o u l d be aware of t h i s p o s s i b i l i t y . 
I f t h e r e was heavy r a i n i n t h e autumn o r l a t e summer t h e s e e x t r a 
f e r t i l i s e r a p p l i c a t i o n s c o u l d p o s s i b l y i n c r e a s e t h e n i t r a t e run o f f 
and l e a c h i n g f r o m g r a s s l a n d . Very h i g h p e a k s i n n i t r a t e 
c o n c e n t r a t i o n c o u l d o c c u r , a s f o u n d i n s e c t i o n 2 a b o v e . 
F i g u r e 4 f r o m p a r t 1 of t h e r e p o r t shows t h a t t h e f e r t i l i s e r 
a p p l i c a t i o n s t o g r a s s l a n d c o u l d d o u b l e i f more of t h e g r a s s l a n d was 
i n t e n s i v e l y f a r m e d . 
The H y d r o g e o l o g y R e s e a r c h Group o f t h e B r i t i s h G e o l o g i c a l S u r v e y 
h a s r e c e n t l y f o u n d h i g h n i t r a t e c o n c e n t r a t i o n s b u i l d i n g up i n 
g r o u n d w a t e r u n d e r i n t e n s i v e l y f a r m e d g r a s s l a n d . 
10 I f t h e D e p a r t m e n t h a s t o make i m p o r t a n t d e c i s i o n s on r e s t r i c t i n g 
t h e amount o f f e r t i l i s e r u s u a g e i n t h e management of d r i n k i n g w a t e r 
r e s o u r c e s by u s e of e x c l u s i o n z o n e s , i n t e n s i v e l y f a r m e d g r a s s l a n d 
may be one of t h e t y p e s of a g r i c u l t u r e t h a t n e e d s t o be r e s t r i c t e d . 
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Changes in management practices and agricultural productivity over the 
past twenty years have lead to nitrate pollution and eutrophication of 
lakes and rivers. The annual use of nitrogen fertilisers in the 
U.K. has increased from just over 0.5 million tonnes per year in 1963 
to over 1.5 million tonnes in 1985. 
The major problems from nitrate pollution to water management are: 
(a) Aquifers provide a large proportion of drinking water resources in 
England. The water is of high quality and low cost. However 
nitrate pollution has taken place in many aquifers and is expected 
to increase further due to the time lapse (up to decades) between 
increased fertiliser applications and the nitrate reaching the 
aquifer. 
(b) Rivers receive nitrate inputs from both land drainage and sewage 
effluents and many U.K. rivers have shown a large increase in 
nitrate concentration over the last twenty years. 
(c) Control of nitrate pollution at source is difficult and 
conventional water treatment does not remove nitrate. 
(d) Nitrate levels are set within the EC to 50 mg/1 in the EC drinking 
water directive; but in Anglian, Severn Trent, Thames and 
Yorkshire water authorities the EC directives have been exceeded, 
with values up to 80 mg/1 being detected. 
(e) The capital cost of reducing the high nitrate values down to EC 
directive levels is estimated at £50million with £5million annual 
running cost. 
(f) One possible method of long term control of nitrate pollution is 
by the use of exclusion zones, where nitrogen fertiliser 
applications and the crops grown would be strictly controlled. 
(g) In the past it was thought that the major nitrate pollution was 
from arable farming and that permanent grassland and pasture 
nitrate run-off was low. However recent work has shown that high 
values of nitrate can be leached from grass sward grazed by cattle 
(Ryden et al. 1984) 
(h) Nitrogen fertiliser applications to intensively farmed grassland 
are likely to increase. 
(i) Further information on the increased fertiliser applications and 
the changes in land-use over the past decades was needed to 
provide data for modelling nitrate increases. 
One of the major problems 1n modelling changes 1n nitrate 
concentration and nitrate loading of rivers has been the lack of 
detailed historic data. The Freshwater Biological Association River 
Laboratory in Dorset has been investigating chalkstreams since 1965 
and has one of the best river nitrate data sets in the U.K. (Casey & 
Newton 1973, Casey 1975, Casey & Clarke 1979). 
This study has therefore been based on the river Frome catchment in 
Dorset where a long-term record of river nitrates is available. 
In addition, an intensive automated nitrate sampling program has been 
used to examine within-day variation. 
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OBJECTIVES 
To i n v e s t i g a t e , i n a c a t c h m e n t f o r which e a r l i e r n i t r a t e d a t a a r e 
a v a i l a b l e f o r c o m p a r i s o n , s e a s o n a l i t y and b u d g e t s o f n i t r a t e i n p u t s , 
r i v e r c o n c e n t r a t i o n s and l o a d s , and t h e i r r e l a t i o n s h i p t o l a n d u s e . 
CONTRACT PROGRAMME 
PHASE 1 ( A p r i l 1984 - A p r i l 1987) 
T h i s i n v o l v e d w e e k l y s a m p l i n g a t a s e r i e s of s i t e s . 
I n A p r i l 1984 s i t e s on t h e R i v e r Frome i n D o r s e t and i t s main 
t r i b u t a r i e s we re s e l e c t e d f o r s a m p l i n g f o r n i t r a t e c o n c e n t r a t i o n and 
a l s o f o r d i s c h a r g e whe re s u i t a b l e . T h e s e s i t e s had t o be c o m p a r a b l e t o 
t h e s i t e s p r e v i o u s l y sampled by t h e F r e s h w a t e r B i o l o g i c a l A s s o c i a t i o n 
i n 1970-71 when d i s c h a r g e and g e n e r a l c h e m i c a l c o m p o s i t i o n were 
m o n i t o r e d . 
Wate r s a m p l i n g and d i s c h a r g e r e c o r d i n g a l s o began i n A p r i l 1984 . 
D u r i n g 1984-86 f a r m e r s i n t h e R i v e r Frome c a t c h m e n t a r e a were 
c o n t a c t e d t o g e t i n f o r m a t i o n on l a n d - u s e c h a n g e s and f e r t i l i s e r 
a p p l i c a t i o n s . MAFF were c o n t a c t e d , b o t h l o c a l l y and in t h e i r B r i s t o l 
o f f i c e , t o g e t i n f o r m a t i o n on c h a n g e s i n l a n d u s e f r o m t h e i r p a r i s h 
r e c o r d s f r o m 1972 t o 1985. MAFF w e r e a l s o a s k e d f o r i n f o r m a t i o n on 
c h a n g e s i n recommended l e v e l s o f f e r t i l i s e r a p p l i c a t i o n f o r d i f f e r e n t 
c r o p s . 
Wessex Wate r A u t h o r i t y was c o n t a c t e d t o o b t a i n i n f o r m a t i o n on t h e 
amount o f sewage e f f l u e n t e n t e r i n g t h e R i v e r Frome c a t c h m e n t . 
The F e r t i l i s e r M a n u f a c t u r i n g A s s o c i a t i o n was c o n t a c t e d t o g e t 
u p - t o - d a t e i n f o r m a t i o n on f e r t i l i s e r u s a g e and r e c o m m e n d a t i o n s a s some 
of t h e d a t a o b t a i n e d f r o m MAFF w e r e o u t of d a t e . 
An e x t r a s a m p l i n g s i t e was added on t h e T a d n o l l Brook t r i b u t a r y 
b e c a u s e t h e e x i s t i n g s i t e t h e r e showed a l a r g e r i n c r e a s e i n n i t r a t e 
c o n c e n t r a t i o n t h a n i n any of t h e o t h e r s a m p l i n g s i t e s . 
S a m p l i n g c e a s e d a t t h e end of S e p t e m b e r 1986. A l l t h e d a t a were 
c o l l a t e d t o g e t h e r on NERC's IBM m a i n f r a m e f o r s t a t i s t i c a l a n a l y s i s and 
g r a p h i c a l summary. 
In A p r i l 1987 t h e f i n a l r e p o r t was c o m p l e t e d and s e n t t o DOE. 
PHASE 2 
A 12 month e x t e n s i o n was g r a n t e d f r o m 1 s t A p r i l 1987 t o 31 March 1988. 
The o b j e c t of t h e e x t e n s i o n was t o l i m i t t h e s a m p l i n g t o two s i t e s on 
t h e R i v e r Frome and i n t e n s i f y t h e s a m p l i n g r eg ime s o t h a t a b e t t e r 
u n d e r s t a n d i n g o f t h e mechan isms o f t h e n i t r a t e l o a d i n g c o u l d be 
o b t a i n e d . 
A f u r t h e r t h r e e month e x t e n s i o n t o t h e end of J u n e 1988 was g r a n t e d s o 
t h a t t h e h i g h w i n t e r l o a d p e r i o d c o u l d a l s o be i n c l u d e d in t h e r e p o r t . 
1 METHODS AND SAMPLING 
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A r e g u l a r w e e k l y n i t r a t e s a m p l i n g r eg ime had been i n o p e r a t i o n s i n c e 
1965 u s i n g t h e same a n a l y t i c a l t e c h n i q u e . T h i s s a m p l i n g was c o n t i n u e d 
in e x a c t l y t h e same way t o g i v e a d i r e c t c o m p a r i s o n o f c u r r e n t n i t r a t e 
p a t t e r n s d u r i n g t h i s s t u d y p e r i o d w i t h t h o s e of t h e p a s t 20 y e a r s . 
For t h i s s t u d y a new a u t o m a t e d s a m p l i n g and a n a l y t i c a l t e c h n i q u e h a s 
been u s e d . The w e e k l y and a u t o m a t e d s a m p l e v a l u e s can be compared a t 
t h e same s i t e . 
The o l d w e e k l y s a m p l i n g method m e a s u r e s n i t r a t e c o n c e n t r a t i o n o n l y , 
w h i l e t h e new a u t o m a t e d method m e a s u r e s b o t h n i t r a t e and n i t r i t e 
( F i g u r e 1 . 1 ) . When t e s t e d i n t h e l a b o r a t o r y t h e n i t r i t e c o n c e n t r a t i o n 
was a l w a y s l e s s t h a n 0 . 1 mg N / 1 . 
1 . 1 I n t e n s i v e Automated S a m p l i n g 
The a u t o m a t i c s a m p l e r was u s e d i n a v e r y i n t e n s i v e s a m p l i n g r eg ime 
h e r e a t E a s t S t o k e on t h e R i v e r Frome a t t h e same s p o t a s t h e r o u t i n e 
w e e k l y s a m p l i n g p r o g r a m . The main s a m p l i n g p e r i o d l a s t e d f r o m J u l y 7 t h 
1987 t o A p r i l 5 t h 1988. Samples w e r e u s u a l l y t a k e n e v e r y 30 m i n u t e s , 
e s p e c i a l l y d u r i n g h i g h f l o w e v e n t s . D u r i n g p e r i o d s of e x p e c t e d s t e a d y 
f l o w s a m p l i n g was r e d u c e d t o 6 h o u r i n t e r v a l s . A n o t h e r s a m p l i n g 
p rog ram was s e t up 20km u p s t r e a m a t D o r c h e s t e r , b u t t h i s was much l e s s 
i n t e n s i v e and more i n t e r m i t t e n t b e c a u s e of t h e e x t r a t i m e i n v o l v e d i n 
o b t a i n i n g s a m p l e s and s u p e r v i s i n g t h e s a m p l i n g e q u i p m e n t . 
1 .2 D i s c h a r g e R e c o r d s 
I t h a s been s u r p r i s i n g l y d i f f i c u l t t o o b t a i n up t o d a t e f l o w d a t a f o r 
t h e R i v e r Frome sampled g a u g i n g s i t e s . The n a t i o n a l S u r f a c e Wate r 
A r c h i v e h a s n o t y e t had t i m e t o s o r t o u t t h e d i s c h a r g e s f o r 1986 and 
1987. B e c a u s e t h e R i v e r Frome i s s p l i t a t b o t h D o r c h e s t e r and E a s t 
S t o k e i n f o r m a t i o n must be combined f r o m two g a u g i n g s t a t i o n s t o g e t 
t h e t o t a l d i s c h a r g e (and h e n c e n i t r a t e l o a d i n g ) a t e a c h of t h e 
s a m p l i n g s i t e s . However , d a i l y mean, minimum and maximum t o t a l f l o w s 
have been o b t a i n e d d i r e c t l y f r o m Wessex Wate r A u t h o r i t y (WWA) f o r t h e 
s t u d y p e r i o d up u n t i l t h e end o f F e b r u a r y 1988. T h i s f o r t u n a t e l y 
i n c l u d e s t h e h i g h w i n t e r f l o w p e r i o d . I d e a l l y we would l i k e t o h a v e 
o b t a i n e d a 30 m i n u t e i n t e r v a l r e c o r d of d i s c h a r g e t o compl imen t t h e 
i n t e n s i v e n i t r a t e s a m p l i n g r e g i m e . T h i s would t h e n p r o v i d e v e r y 
a c c u r a t e i n f o r m a t i o n on t h e i n s t a n t a n e o u s l o a d p a t t e r n and i t s p r e c i s e 
r e l a t i o n s h i p w i t h d i s c h a r g e . I t would a l s o have e n a b l e d u s t o b e t t e r 
compare d i f f e r e n t f r e q u e n c i e s o f r e g u l a r s a m p l i n g s c h e m e s . 
At t h e D o r c h e s t e r s i t e t h e r e a r e some m i s s i n g d a y s and o n l y d a i l y mean 
f l o w s a r e a v a i l a b l e . T h i s i s t h e main r e a s o n f o r t h e l e s s i n t e n s i v e 
n i t r a t e s a m p l i n g p rog ram a t D o r c h e s t e r . 
B e c a u s e of a l l t h e a b o v e , t h i s r e p o r t c o n c e n t r a t e s on t h e n i t r a t e 
r e c o r d f o r E a s t S t o k e where a c o m p l e t e l o n g t e r m r e c o r d o f d a i l y mean 
f l o w was a v a i l a b l e . 
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2 RAINFALL 
R i v e r d i s c h a r g e s a r e o b v i o u s l y a t l e a s t p a r t l y d r i v e n by t h e r e c e n t 
r a i n f a l l i n t h e c a t c h m e n t above t h e r i v e r s a m p l i n g p o i n t . T a b l e 2 
shows t h e a v e r a g e p a t t e r n of r a i n f a l l f o r a l l D o r s e t in 1986 and 1987. 
The t o t a l r a i n f a l l i n 1986 was 1014 mm (10% above t h e 1941-70 a v e r a g e 
of 923 mm), w h i l e 1987 was a r e l a t i v e d r y y e a r i n D o r s e t (15% below 
t h e l o n g t e r m a v e r a g e ) . More p a r t i c u l a r l y , t h e m o n t h l y r a i n f a l l 
p a t t e r n shown i n T a b l e 2 g i v e s some i n d i c a t i o n of how t h e s e a s o n a l 
r a i n f a l l p a t t e r n v a r i e s be tween y e a r s . For i n s t a n c e O c t o b e r 1987 was 
n e a r l y t w i c e t h e O c t o b e r a v e r a g e o f 92 mm. Annual v a r i a t i o n s i n 
r a i n f a l l and h e n c e d i s c h a r g e make i t d i f f i c u l t t o c o n f i d e n t l y d e t e c t 
t r e n d s i n n i t r a t e l o a d i n g f r o m j u s t a f ew y e a r s d a t a . 
The r a i n f a l l a t t h e E a s t S t o k e s i t e was 1032 mm i n 1986 and 765 mm in 
1987. The d a i l y r a i n f a l l a t E a s t S t o k e d u r i n g t h e i n t e n s i v e s a m p l i n g 
p e r i o d i s shown i n F i g u r e s 3 . 1 - 3 . 9 o f t h e n e x t s e c t i o n , whe re i t i s 
s u p e r i m p o s e d on t h e d a i l y mean d i s c h a r g e s f o r c o m p a r i s o n . 
T a b l e 2 R a i n f a l l (mm) i n D o r s e t . 
Month A v e r a g e R a i n f a l l % of R a i n f a l l % of 
1941 -70 1986 A v e r a g e 1987 A v e r a g e 
JAN 96 155 161 13 13 
FEB 69 8 11 81 123 
MAR 64 69 108 85 132 
APR 54 71 131 76 143 
MAY 67 96 145 23 35 
JUN 53 33 62 77 150 
JUL 82 68 83 43 52 
AUG 79 114 145 23 29 
SEP 89 36 40 47 54 
OCT 92 86 94 173 189 
NOV 107 152 142 79 74 
DEC 101 145 145 63 63 
Annual 953 1053 108 783 82 
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3 INTENSIVE AUTOMATIC SAMPLING DATA 
3 . 1 C o n t i n u i t y of S a m p l i n g and g e n e r a l v a r i a b i l i t y i n c o n c e n t r a t i o n 
The a u t o m a t i c s a m p l e r was in o p e r a t i o n f r o m 7 t h J u l y 1987 t o 5 t h A p r i l 
1988 , a p e r i o d of 273 d a y s . The i n i t i a l i n t e n t i o n was t o t a k e an 
i n s t a n t a n e o u s s a m p l e e v e r y 30 m i n u t e s , g i v i n g 48 v a l u e s e a c h d a y . 
The r e l i a b i l i t y of t h e e q u i p m e n t t o t a k e s a m p l e s i s summar i sed i n 
T a b l e 3 . 1 : 
The e q u i p m e n t p e r f o r m e d w e l l i n g e n e r a l , s u c h t h a t one o r more 
c o n c e n t r a t i o n v a l u e s we re o b t a i n e d f o r 92% o f t h e d a y s . More 
i m p o r t a n t l y , a c o m p l e t e 30 m i n u t e i n t e r v a l s a m p l i n g r e c o r d was 
o b t a i n e d f o r 34% ( 9 3 ) of t h e 273 d a y s . 
A m a j o r aim o f t h e c o n t i n u o u s m o n i t o r i n g was t o p r o v i d e i n f o r m a t i o n on 
t h e v a r i a b i l i t y o f n i t r a t e c o n c e n t r a t i o n w i t h i n e a c h day o r week. To 
a v o i d making i n c o r r e c t c o n c l u s i o n s ba sed on d a t a i n v o l v i n g d a y s f o r 
which v a l u e s were o n l y a v a i l a b l e f o r a f ew h o u r s , d a y s were o n l y 
i n c l u d e d in t h e a n a l y s e s i f one of more v a l u e s was a v a i l a b l e f o r e a c h 
of a t l e a s t t h r e e o f t h e f o u r 6 h o u r p e r i o d s of t h e d a y . T h i s gave 198 
d a y s f o r e x a m i n i n g s h o r t - t e r m v a r i a t i o n i n n i t r a t e c o n c e n t r a t i o n . In 
f a c t , a l l e x c e p t t h r e e o f t h e s e d a y s had a t l e a s t 12 s a m p l e v a l u e s . 
T h e s e d a y s a r e h e r e a f t e r r e f e r r e d t o a s ' w e l l - s a m p l e d ' d a y s . 
The f r e q u e n c y d i s t r i b u t i o n of ALL t h e c o n c e n t r a t i o n v a l u e s o b t a i n e d 
o v e r t h e n i n e month p e r i o d , g i v e n i n T a b l e 3 . 2 , show a r a n g e of 2 . 8 4 -
6 . 7 2 m g / 1 . 
The a v e r a g e c o n c e n t r a t i o n d u r i n g a day was s i m p l y c a l c u l a t e d a s t h e 
a r i t h m e t i c mean o f a l l t h e a v a i l a b l e v a l u e s . 
The d i s t r i b u t i o n o f t h e d a i l y means f o r t h e 198 ' w e l l - s a m p l e d ' d a y s 
a r e shown in T a b l e 3 . 3 . As you would e x p e c t e d t h e d a i l y means a r e l e s s 
v a r i a b l e , r a n g i n g f r o m 3 . 5 1 t o 5 . 5 6 mg/1 . 
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TABLE 3 . 1 R e l i a b i l i t y of t h e c o n t i n u o u s s a m p l e r e q u i p m e n t i n t e r m s o f 
t h e number of s a m p l e v a l u e s o b t a i n e d p e r day o v e r t h e p e r i o d 
7 / 7 / 8 7 - 5 / 4 / 8 8 . 
Samples 
o b t a i n e d No. of % o f 
p e r day Days Days 
0 22 8 **** 
1 - 1 1 40 15 ******** 
1 2 - 2 3 36 13 ******* 
2 4 - 3 5 46 17 ********* 
36 -47 36 13 ******* 
48 (ALL) 93 34 ******************* 
TOTAL 273 100 
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T a b l e 3 . 2 F r e q u e n c y h i s t o g r a m o f a l l t h e N i t r a t e c o n c e n t r a t i o n v a l u e s 
r e c o r d e d o v e r t h e p e r i o d 8 / 7 / 8 7 - 5 / 4 / 8 8 . 
N o . o f % o f 
( m g N / 1 ) D a y s D a y s 
2 . 5 - 2 . 9 9 1 < 0 . 1 * 
3 . 0 - 3 . 4 9 1 2 1 1 . 5 * 
3 . 5 - 3 . 9 9 1 4 5 7 1 8 * * * * * * * * * 
4 . 0 - 4 . 4 9 2 4 3 4 3 0 * * * * * * * * * * * * * * * 
4 . 5 - 4 . 9 9 2 4 3 5 3 0 * * * * * * * * * * * * * * * 
5 . 0 - 5 . 4 9 1 4 6 6 1 8 * * * * * * * * * 
5 . 5 - 5 . 9 9 1 8 7 2 * 
6 . 0 - 6 . 4 9 1 9 0 . 2 * 
6 . 5 - 6 . 9 9 2 < 0 . 1 * 
T O T A L 8 1 2 2 1 0 0 . 0 
T a b l e 3 . 3 F r e q u e n c y h i s t o g r a m o f t h e d a i l y m e a n n i t r a t e 
c o n c e n t r a t i o n ( m g N / 1 ) f o r w e l l - s a m p l e d d a y s 
o v e r t h e p e r i o d 8 / 7 / 8 7 - 5 / 4 / 8 8 . 
D a i l y N o . o f % o f 
m e a n D a y s D a y s 
3 . 0 - 3 . 4 9 0 0 
3 . 5 - 3 . 9 9 3 7 1 9 * * * * * * * * * * 
4 . 0 - 4 . 4 9 5 6 2 8 * * * * * * * * * * * * * * 
4 . 5 - 4 . 9 9 7 8 3 9 * * * * * * * * * * * * * * * * * * * * 
5 . 0 - 5 . 4 9 2 6 1 3 * * * * * * * 
5 . 5 - 5 . 9 9 1 < 1 * 
6 . 0 - 6 . 4 9 0 0 
T O T A L 1 9 8 1 0 0 
3 . 2 V a r i a t i o n in n i t r a t e c o n c e n t r a t i o n w i t h i n e a c h day 
The e x t e n t t o which c o n c e n t r a t i o n can v a r y w i t h i n a day i n f l u e n c e s t h e 
a c c u r a c y w i t h which s i n g l e d a i l y ( o r e v e n l e s s f r e q u e n t ) s a m p l e s can 
r e p r e s e n t t h e t r u e n i t r a t e r e c o r d . The w i t h i n - d a y v a r i a t i o n o v e r t h e 
s t u d y p e r i o d J u l y 7 t h 1987 t o A p r i l 5 t h 1988 a r e summar i sed in T a b l e s 
3 . 4 - 3 . 7 . For e a c h of t h e m o n t h s J u l y 1 9 8 7 - F e b r u a r y 1988 , f o r w h i c h 
d i s c h a r g e s we re a v a i l a b l e , t h e 30 m i n u t e s amp le r e c o r d of n i t r a t e 
c o n c e n t r a t i o n i s p l o t t e d i n f i g u r e s 3 . 1 - 3 . 8 . The r o u t i n e w e e k l y s p o t 
v a l u e s a r e s u p e r i m p o s e d f o r c o m p a r i s o n . For ' w e l l - s a m p l e d ' d a y s , t h e 
e s t i m a t e d n i t r a t e l o a d i s p l o t t e d a s t h e p r o d u c t o f t h e mean 
c o n c e n t r a t i o n and t h e mean d a i l y f l o w , w i t h t h e d a i l y l o a d e s t i m a t e d 
f r o m t h e r o u t i n e week ly s a m p l e s u p e r i m p o s e d f o r c o m p a r i s o n . On 76% of 
t h e d a y s t h e c o n c e n t r a t i o n s v a r i e d by l e s s t h a n 1 mg N/1 . 
The g r e a t e s t r a n g e s i n c o n c e n t r a t i o n w i t h i n a day o c c u r r e d d u r i n g 
O c t o b e r 1987 ( F i g u r e 3 . 4 ) i n r e s p o n s e t o t h e f i r s t m a j o r r a i n s f o r 
o v e r t h r e e months ( f i g u r e s 3 . 1 - 3 . 3 ) . I n O c t o b e r t h e r e we re t h r e e 
s e p a r a t e d a y s w i t h d a i l y r a n g e s o v e r 2 . 5 mg N/1 ( T a b l e 3 . 5 ) , e q u a l t o 
57-67% of t h e d a y s ' mean c o n c e n t r a t i o n s ( T a b l e 3 . 7 ) . O c t o b e r 1987 was 
a v e r y wet mon th , w i t h n e a r l y d o u b l e t h e O c t o b e r l o n g - t e r m a v e r a g e 
r a i n f a l l ( T a b l e 2 ) . As autumn 1987 p a s s e d t h e n i t r a t e c o n c e n t r a t i o n 
i n c r e a s e d by a b o u t 1 mg/1 ( a n I n c r e a s e o c c u r s most au tumns a s 
e x p l a i n e d f u t h e r i n s e c t i o n 4 . 2 ) . 
Though t h e r e we re r a i n y p e r i o d s w i t h i n c r e a s e d f l o w s i n b o t h November 
and December t h e n i t r a t e c o n c e n t r a t i o n s d i d n o t f l u c t u a t e s o w i d e l y a s 
in O c t o b e r ( f i g u r e s 3 . 5 , 3 . 6 ) . More i m p o r t a n t l y , a s t h e f l o w i n c r e a s e d 
d u r i n g l a t e J a n u a r y 1988 t o f i l l t h e r i v e r c h a n n e l , t h e n i t r a t e 
c o n c e n t r a t i o n r e m a i n e d f a i r l y c o n s t a n t , r a r e l y v a r y i n g by more t h a n 1 
mg N/1 ( f i g u r e 3 . 8 ) . T h i s a l m o s t c o n s t a n t c o n c e n t r a t i o n o f a r o u n d 5 
mg/1 f o r mos t o f F e b r u a r y , d e s p i t e a w i d e l y v a r y i n g d i s c h a r g e , 
s u g g e s t s t o u s t h a t mos t o f t h e w i n t e r r i v e r w a t e r i s coming f r o m 
w e l l - m i x e d g r o u n d w a t e r w i t h a f a i r l y c o n s t a n t n i t r a t e c o n c e n t r a t i o n . 
The h e a v y r a i n s i m p l y i n c r e a s e t h e h y d r o s t a t i c p r e s s u r e on t h e 
s a t u r a t e d a q u i f e r s , f o r c i n g o u t p r o p o r t i o n a l l y more w a t e r . 
D u r i n g t h e f i r s t t r i a l s a m p l i n g p e r i o d be tween March 2 6 t h and A p r i l 
9 t h 1987 , a f t e r t h e w i n t e r p e r i o d , an i n c r e a s e of 7 m 3 s _ 1 1n one day 
a l s o a p p e a r e d t o have l i t t l e e f f e c t on c o n c e n t r a t i o n ( f i g u r e 3 . 9 ) . 
O v e r a l l , d a y s w i t h h i g h e r a v e r a g e c o n c e n t r a t i o n were n o t n e c e s s a r i l y 
more v a r i a b l e ( f i g u r e 3 . 1 0 ) . 
O b v i o u s l y , a l l p e r i o d s and s i t e s c a n d i f f e r i n t h e i r s h o r t - t e r m 
v a r i a b i l i t y o f n i t r a t e c o n c e n t r a t i o n , b e i n g d e p e n d e n t upon t h e 
u p s t r e a m c a t c h m e n t c h a r a c t e r i s t i c s , t h e p a r t i c u l a r r a i n f a l l p a t t e r n 
o v e r t h e s t u d y p e r i o d and t h e l a n d u s e s e s p e c i a l l y w i t h r e s p e c t t o 
n i t r o g e n i n p u t s . However, t h i s s t u d y s u p p o r t s t h e v i ew t h a t t h e 
h i g h e s t c o n c e n t r a t i o n s o c c u r d u r i n g t h e f i r s t r a i n s a f t e r a l o n g d r y 
s p e l l . T h i s a g r e e s w i t h o u r e x p e r i e n c e f r o m t h e l o n g - t e r m week ly 
s a m p l i n g of n i t r a t e s i n t h e R i v e r F r o m e ( D o r s e t ) and e l s e w h e r e , most 
n o t a b l y f o l l o w i n g t h e d r o u g h t of 1976. The s t u d y a l s o s u g g e s t s t h a t 
f o r l o w e r c a t c h m e n t s i t e s on r i v e r s l i k e t h e D o r s e t Frome, t h e f i r s t 
r a i n s a f t e r a l o n g d r y s p e l l l e a d t o r i v e r n i t r a t e c o n c e n t r a t i o n 
i n c r e a s i n g by 2 - 3 mg N/1 o v e r a f ew h o u r s and t h e n f a l l i n g back w i t h i n 
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a few more h o u r s ( f i g u r e 3 . 1 1 ) . T h i s s u g g e s t s t h a t a t s u c h t i m e s i t i s 
d e s i r a b l e t o have much more f r e q u e n t s a m p l i n g f o r m o n i t o r i n g n i t r a t e 
c o n c e n t r a t i o n , e s p e c i a l l y i f t h e n i t r a t e c o n c e n t r a t i o n i s b e i n g 
m o n i t o r e d f o r EC w a t e r q u a l i t y r e g u l a t i o n s . However, t h e r i v e r 
d i s c h a r g e i s n o t u s u a l l y h i g h d u r i n g s u c h f i r s t r a i n s . Hence t h e 
n i t r a t e l o a d i n g p a s s i n g down t h e r i v e r i s n o t u s u a l l y a s g r e a t a s 
d u r i n g t h e p e r i o d s of h i g h w i n t e r f l o w . 
The n i t r a t e c o n c e n t r a t i o n s seem t o be l e s s v a r i a b l e d u r i n g t h e h i g h 
f l o w w i n t e r p e r i o d t h a n d u r i n g t h e a u t u m n , e v e n t h o u g h t h e w i n t e r 
f l o w s a r e t h e m s e l v e s v e r y v a r i a b l e and may c h a n g e r a p i d l y . I t would be 
i n t e r e s t i n g t o know w h e t h e r t h e w i n t e r c o n c e n t r a t i o n s have l e s s 
s h o r t - t e r m v a r i a b i l i t y now t h a n i n p a s t y e a r s , and i f s o w h e t h e r t h i s 
i s r e l a t e d t o c h a n g e s i n f a r m i n g p r a c t i c e s . Casey (1975 ) s ampled 
n i t r a t e c o n c e n t r a t i o n h o u r l y d u r i n g a s e r i e s of s t o r m e v e n t s l a s t i n g 
s e v e n d a y s i n December 1972 when d i s c h a r g e v a r i e d f r o m 5 t o 13 m 3 s - 1 . 
He f o u n d t h a t n i t r a t e c o n c e n t r a t i o n v a r i e d f r o m 1 - 3 mg /1 , a r a n g e o f 2 
mg/1 which was r e l a t i v e l y l a r g e compared t o t h e a v e r a g e c o n c e n t r a t i o n 
l e v e l i n 1972. Though t h e a v e r a g e c o n c e n t r a t i o n h a s i n c r e a s e d 
c o n s i d e r a b l y s i n c e 1972, f rom t h e p r e s e n t e v i d e n c e t h e v a r i a b i l i t y in 
c o n c e n t r a t i o n o v e r a f ew d a y s d u r i n g w i n t e r r a i n s h a s n o t i n c r e a s e d . 
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T a b l e 3 . 4 F r e q u e n c y h i s t o g r a m of t h e w i t h i n - d a y s t a n d a r d d e v i a t i o n of 
n i t r a t e c o n c e n t r a t i o n (mg N/1) f o r w e l l - s a m p l e d d a y s o v e r 
t h e p e r i o d 8 / 7 / 8 7 - 5 / 4 / 8 8 . 
S t a n d a r d No. of % o f 
D e v i a t i o n Days Days 
0 . 0 - 0 . 0 9 66 3 3 . 3 ***************** 
0 . 1 - 0 . 1 9 73 3 6 . 9 ******************* 
0 . 2 - 0 . 2 9 37 1 8 . 7 ********** 
0 . 3 - 0 . 3 9 11 5 . 6 *** 
0 . 4 - 0 . 4 9 4 2 . 0 * 
0 . 5 - 0 . 5 9 5 2 . 5 ** 
0 . 6 - 0 . 6 9 0 0 . 0 
0 . 7 - 0 . 7 9 1 0 . 5 * 
0 . 8 - 0 . 8 9 0 0 . 0 
0 . 9 - 0 . 9 9 1 0 . 5 * 
TOTAL 198 1 0 0 . 0 
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T a b l e 3 . 5 F r e q u e n c y h i s t o g r a m o f t h e r a n g e o f n i t r a t e 
c o n c e n t r a t i o n ( m g N / 1 ) w i t h i n w e l l - s a m p l e d d a y s 
o v e r t h e p e r i o d 8 / 7 / 8 7 - 5 / 4 / 8 8 . 
D a i l y N o . o f % o f 
R a n g e D a y s D a y s 
0 . 0 - 0 . 4 9 7 6 3 8 . 4 * * * * * * * * * * * * * * * * * * * * 
0 . 5 - 0 . 9 9 7 5 3 7 . 9 * * * * * * * * * * * * * * * * * * * 
1 . 0 - 1 . 4 9 3 1 1 5 . 7 * * * * * * * * 
1 . 5 - 1 . 9 9 1 0 5 . 0 * * * * * 
2 . 0 - 2 . 4 9 3 1 . 5 * 
2 . 5 - 2 . 9 9 3 1 . 5 * 
T O T A L 1 9 8 1 0 0 . 0 
T a b l e 3 . 6 F r e q u e n c y h i s t o g r a m o f t h e w i t h i n - d a y p e r c e n t a g e c o e f f i c i e n t 
o f v a r i a t i o n o f n i t r a t e c o n c e n t r a t i o n s f o r t h e w e l l - s a m p l e d 
d a y s o v e r t h e p e r i o d 8 / 7 / 8 7 - 5 / 4 / 8 8 . 
% C . V . N o . o f % o f 
D a y s D a y s 
0 - 1 . 9 5 8 2 9 . 3 * * * * * * * * * * * * * * * 
2 - 3 . 9 6 9 3 4 . 9 * * * * * * * * * * * * * * * * * * 
4 - 5 . 9 3 7 1 8 . 7 * * * * * * * * * * 
6 - 7 . 9 1 8 9 . 1 * * * * * 
8 - 9 . 9 7 3 . 5 * * * * 
1 0 - 1 1 . 9 4 2 . 0 * 
1 2 - 1 3 . 9 3 1 . 5 * 
1 4 - 1 5 . 9 0 0 . 0 
1 6 - 1 7 . 9 1 0 . 5 * 
1 8 - 1 9 . 9 1 0 . 5 * 
T O T A L 1 9 8 1 0 0 . 0 
T a b l e 3 . 7 F r e q u e n c y h i s t o g r a m o f t h e d a i l y r a n g e o f n i t r a t e 
c o n c e n t r a t i o n ( m g N / 1 ) . 
% R a n g e N o . o f % o f 
D a y s D a y s 
0 - 9 . 9 6 8 3 4 . 3 * * * * * * * * * * * * * * * * * 
1 0 - 1 9 . 9 7 5 3 7 . 9 * * * * * * * * * * * * * * * * * * * 
2 0 - 2 9 . 9 2 8 1 4 . 1 * * * * * * * * 
3 0 - 3 9 . 9 1 9 9 . 6 * * * * * 
4 0 - 4 9 . 9 5 2 . 5 * * 
5 0 - 5 9 . 9 1 0 . 5 * 
6 0 - 6 9 . 9 2 1 . 0 * 
T O T A L 1 9 8 1 0 0 . 0 
F i g u r e 3 . 1 J u l y 1987 : P l o t of t h e 30 minute automatic 
s a m p l i n g r e c o r d of t o t a l o r g a n i c n i t r o g e n ( n i t r a t e 
n i t r i t e ) TON mg/1 ( t o p d i a g r a m ) ; d a i l y mean discharge 
( m 3 s _ 1 ) and d a i l y r a i n f a l l (mm) ( m i d d l e ) ; and d a i l y TON 
load ( t o n n e s ) ( b o t t o m ) . 
© d e n o t e s t h e r o u t i n e weekly s p o t v a l u e s of n i t r a t e 
c o n c e n t r a t i o n and e s t i m a t e d d a i l y l o a d s f o r c o m p a r i s o n . 
Figure 3.2 September 1987 : see Figure 3.1 for details. 
Figure 3.3 September 1987 : see Figure 3.1 for details. 
Figure 3.4 September 1987 : see Figure 3.1 for details. 
Figure 3.5 September 1987 : see Figure 3.1 for details. 
Figure 3.1 September 1987 : see Figure 3.1 for details. 
Figure 3.23 September 1987 : see Figure 3.1 for details. 
Figure 3.8 February 1988 : see Figure 3.1 for details. 
Figure 3 .9 March 26th - Apri l 9th 1987 
see Figure 3 .1 f o r d e t a i l s . 
Figure 3.10 Standard deviation of nitrate concentration within a day 
plotted against the day's mean concentration. 
Based on 30 minute automated sampling of the River Frome 
at East Stoke (Dorset) : July 1987 - April 1988. 
Digits denote number of co-incident observations. 
Figure 3.11 Changes 1n nitrates with discharge during first rains 1n 
October 1987 following a long dry spell. 
See figure 3.1 for details. 
Figure 3.12 Plot of spot weekly nitrate sample value against the 
day's mean calculated from the 30 minute automatic 
sampler, for 'well-sampled' days. 
3 . 3 Compar i son w i t h t h e r o u t i n e w e e k l y s p o t n i t r a t e s a m p l i n g 
I t i s i m p o r t a n t t o know how w e l l a r o u t i n e w e e k l y s p o t s a m p l e can 
a d e q u a t e r e p r e s e n t t h e t r u e n i t r a t e c o n c e n t r a t i o n r e c o r d . Over t h e 
p e r i o d o f c o n t i n u o u s m o n i t o r i n g , t h e r e we re 26 o c c a s i o n s when t h e 
w e e k l y s p o t v a l u e o c c u r r e d on a day which was ' w e l l - s a m p l e d ' ( f i g u r e 
3 . 1 2 ) . The a v e r a g e of t h e w e e k l y v a l u e s was 4 . 6 0 mg N / 1 . T h i s was 0 . 3 0 
mg N/1 l e s s t h a n t h e a v e r a g e of t h e v a l u e s u s i n g t h e c o n t i n u o u s 
s a m p l e r . Though t h e c o n t i n u o u s s a m p l e r measu red n i t r i t e a s w e l l a s 
n i t r a t e , n i t r i t e was f o u n d i n t e s t s t o n e v e r e x c e e d 0 . 1 mg N/1 a t 4 
mg NO3 N / 1 . The r e m a i n i n g d i f f e r e n c e p r o b a b l y r e s u l t s f r o m d i f f e r e n c e s 
in t h e a n a l y t i c a l c h e m i c a l m e t h o d s u s e d . The r a t i o of w e e k l y v a l u e t o 
c o n t i n u o u s s a m p l e r mean n e v e r e x c e e d e d 1 . 0 8 , b u t on one o c c a s i o n was 
o n l y 0 . 6 5 - a 35% u n d e r e s t i m a t i o n . 
3 . 4 A u t o m a t i c s a m p l i n g a t t h e D o r c h e s t e r s i t e 
B e c a u s e t h e D o r c h e s t e r s i t e was f u r t h e r away and h e n c e r e q u i r e d more 
e f f o r t t o c o l l e c t s a m p l e s and m a i n t a i n t h e e q u i p m e n t , f a r f e w e r 
s a m p l e s w e r e o b t a i n e d t h a n a t t h e E a s t S t o k e . 
The s a m p l e s o b t a i n e d showed a s i m i l a r p a t t e r n t o t h e s a m p l e s t a k e n a t 
E a s t S t o k e , w i t h t h e O c t o b e r n i t r a t e v a l u e s showing t h e most v a r i a t i o n 
( F i g u r e 3 . 1 3 ) . The heavy r a i n f a l l on t h e 2nd and 3rd o f O c t o b e r 
i n c r e a s e d t h e d i s c h a r g e f r o m 0 . 9 5 t o 1 . 4 3 m 3 s _ 1 and t h e n i t r a t e 
c o n c e n t r a t i o n d e c r e a s e d f r o m 4 . 0 0 t o 2 . 8 2 mg 1 _ 1 b e f o r e r i s i n g a g a i n 
t o 3 . 4 7 mg 1 _ 1 by t h e e a r l y h o u r s of O c t o b e r 4 t h . T h i s r ema ined s t e a d y 
f o r a b o u t e i g h t h o u r s b e f o r e d e c r e a s i n g s t e a d i l y t o 2 . 9 7 m g . l - 1 by 
O c t o b e r 5 t h . More heavy r a i n on t h e 6 t h and 7 t h i n c r e a s e d t h e 
d i s c h a r g e up t o 3 . 5 6 m 3 s - 1 w i t h n i t r a t e c o n c e n t r a t i o n c h a n g i n g f rom 
4 . 0 8 down t o 2 . 6 6 and back up t o 4 . 2 3 mg 1 - 1 . By 7am on O c t o b e r 8 t h 
n i t r a t e s r e a c h e d a peak of 6 . 2 2 mg 1 _ 1 b e f o r e f a l l i n g back t o 5 . 1 1 by 
O c t o b e r 9 t h and 3 . 8 4 mg 1 _ 1 by t h e 1 0 t h . More r a i n on t h e 11 th c a u s e d 
a s m a l l e r r a p i d r i s e and f a l l b a c k , a f t e r wh ich c o n c e n t r a t i o n r ema ined 
be tween 3 . 5 and 4 . 0 mg 1 _ 1 f o r t h e r e s t o f t h e y e a r . Those few 
c o n c e n t r a t i o n s o b t a i n e d d u r i n g J a n u a r y and F e b r u a r y 1988 v a r i e d 
be tween 3 . 8 and 5 . 0 mg 1 _ 1 , a p a r t f r o m a v a l u e of 3 . 1 2 f o l l o w i n g heavy 
r a i n a t t h e end of J a n u a r y . 
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Figure 3.13 Automatic sampler values of nitrate concentration 
obtained from Dorchester on the River Frome (Dorset) 
between April 1987 and April 1988. 
4 ANALYSIS OF THE LONG-TERM CHANGES IN NITRATE PATTERN 
IN THE RIVER FROME AT EAST STOKE, DORSET. 
At E a s t S t o k e a week ly n i t r a t e s a m p l e h a s been t a k e n by t h e FBA s i n c e 
1965 , and d a i l y mean d i s c h a r g e s a t t h e same s p o t a r e a v a i l a b l e f r o m 
Wessex Wate r A u t h o r i t y s i n c e 1966. T h i s s e c t i o n g i v e s some s i m p l e 
r e s u l t s o f o u r a n a l y s i s o f t h i s l o n g - t e r m r e c o r d . 
4 . 1 L o n g - t e r m Trend i n N i t r a t e C o n c e n t r a t i o n 
The s t e a d y l o n g - t e r m i n c r e a s e i n n i t r a t e c o n c e n t r a t i o n i n t h e R i v e r 
Frome a t E a s t S t o k e i s c l e a r l y shown i n F i g u r e 4 . 1 and T a b l e 4 . 1 . The 
a v e r a g e n i t r a t e c o n c e n t r a t i o n h a s r i s e n f r o m 2 . 0 5 mg/1 i n 1965 t o 4 . 4 1 
mg/1 i n 1987. T h i s r e p r e s e n t s a a v e r a g e i n c r e a s e of 0 . 1 1 mg/1 p e r 
y e a r . Given t h a t o n l y 52 w e e k l y s p o t s a m p l e s a r e t a k e n e a c h y e a r and 
h e n c e t h e p o t e n t i a l s a m p l i n g e r r o r , t h e e s t i m a t e d y e a r l y means show a 
s u r p r i s i n g l y l i n e a r i n c r e a s e . T h e r e i s no e v i d e n c e t h a t t h i s i n c r e a s e 
i s c h a n g i n g p a c e . 
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T a b l e 4 . 1 Y e a r l y s t a t i s t i c s f o r w e e k l y sampled n i t r a t e c o n c e n t r a t i o n 
(mg/1 ) i n t h e R i v e r Frome a t E a s t S t o k e , D o r s e t . 
Yea r Mean S . E . Minimum Maximum 
1965 2 . 0 5 0 . 0 6 1 . 1 4 3 . 0 0 
1966 2 . 4 2 0 . 0 7 1 . 3 4 3 . 4 6 
1967 2 . 3 1 0 . 0 6 1 . 3 9 3 . 4 0 
1968 2 . 3 4 0 . 0 7 1 . 1 7 3 . 5 1 
1969 2 . 7 6 0 . 0 6 1 . 5 8 3 . 5 0 
1970 2 . 9 8 0 . 0 6 2 . 1 5 4 . 3 0 
1971 2 . 8 9 0 . 0 7 2 . 2 0 4 . 1 0 
1972 3 . 0 6 0 . 0 7 2 . 2 1 4 . 3 2 
1973 2 . 8 0 0 . 0 6 2 . 0 3 3 . 6 8 
1974 3 . 1 2 0 . 0 9 2 . 0 0 4 . 5 6 
1975 3 . 2 8 0 . 0 8 2 . 3 2 4 . 7 0 
1976 3 . 4 4 0 . 1 8 1 . 5 0 7 . 2 4 
1977 3 . 7 5 0 . 1 0 2 . 3 8 5 . 2 0 
1978 3 . 5 8 0 . 0 8 2 . 2 0 5 . 3 0 
1979 3 . 8 7 0 . 0 8 2 . 9 5 5 . 8 6 
1980 3 . 6 7 0 . 0 8 2 . 6 2 4 . 8 6 
1981 4 . 0 2 0 . 0 9 2 . 4 9 5 . 6 9 
1982 4 . 0 6 0 . 1 1 2 . 3 1 5 . 5 7 
1983 4 . 1 8 0 . 1 1 2 . 3 7 5 . 7 6 
1984 4 . 2 8 0 . 1 4 2 . 1 9 6 . 1 3 
1985 4 . 3 2 0 . 1 2 2 . 6 9 5 . 9 6 
1986 4 . 5 0 0 . 1 2 2 . 7 7 6 . 2 5 
1987 4 . 4 1 0 . 0 9 3 . 3 0 5 . 6 0 
4 . 2 O v e r a l l S e a s o n a l P a t t e r n of N i t r a t e C o n c e n t r a t i o n 
As a means o f showing t h e s e a s o n a l p a t t e r n i n n i t r a t e c o n c e n t r a t i o n , 
F i g u r e 4 . 1 a l s o shows t h e mean, s t a n d a r d e r r o r , minimum and maximum 
c o n c e n t r a t i o n f o r e a c h of t h e weeks ( 1 - 5 2 ) o f t h e y e a r , a v e r a g e d o v e r 
t h e p e r i o d 1 9 6 5 - 8 7 . As i s common w i t h n i t r a t e s t h e c o n c e n t r a t i o n s a r e 
on a v e r a g e h i g h e r i n w i n t e r and l o w e s t i n mid-summer . T h i s p e r i o d i c 
c y c l e in c o n c e n t r a t i o n i s w e l l d e s c r i b e d by a c o s i n e wave p e a k i n g in 
e a r l y F e b r u a r y . T h i s a v e r a g e d s e a s o n a l c y c l e h a s an a m p l i t u d e o r r a n g e 
of a b o u t 1 . 3 mg/1 . 
4 . 3 S i m p l e Model d e s c r i b i n g t h e T rend and S e a s o n a l i t y 
The t r e n d and s e a s o n a l p e r i o d i c i t y i n n i t r a t e c o n c e n t r a t i o n d e s c r i b e d 
above can be summar i sed by t h e f o l l o w i n g s i m p l e r e g r e s s i o n m o d e l , a s 
used by Casey and C l a r k e ( 1 9 7 9 ) : 
N = 2 . 2 0 6 + 0 . 1 0 9 YR + 0 . 6 2 6 CW (Eq 4 . 1 ) 
( 0 . 0 3 0 ) ( 0 . 0 0 2 ) ( 0 . 0 2 2 ) 
where YR = Time s i n c e 1965 ( Y e a r s ) = "T rend" 
CW = C o s i n e ( ( s a m p l e week - 5 ) / 5 2 ) 
= " s e a s o n a l i t y " p e a k i n g i n e a r l y F e b r u a r y (week 5) 
and s t a n d a r d e r r o r s of c o e f f i c i e n t s a r e g i v e n i n b r a c k e t s . 
These two d e t e r m i n i s t i c , c o m p o n e n t s j o i n t l y e x p l a i n 72.1% of t h e 
n i t r a t e v a r i a t i o n s i n c e 1965. However, i t seems l i k e l y t h a t a s n i t r a t e 
l e v e l s h a v e r i s e n s o t h e amount of s e a s o n a l v a r i a t i o n w i l l a l s o 
i n c r e a s e . To a s s e s s t h i s , an e x t r a t e r m CWYR was added t o e q u a t i o n 
( 4 . 1 ) t o r e p r e s e n t t h e e x t e n t t o which t h e s e a s o n a l v a r i a t i o n 
i n c r e a s e d w i t h t h e t r e n d . 
D e f i n i n g CWYR=CW x YR , l e d t o a s e c o n d d e s c r i p t i v e model : 
N = 2 . 2 0 5 + 0 . 1 0 9 YR + 0 . 3 3 5 CW + 0 . 0 2 7 CWYR (Eq 4 . 2 ) 
( 0 . 0 2 9 ) ( 0 . 0 0 2 ) ( 0 . 0 4 1 ) ( 0 . 0 0 3 ) 
which e x p l a i n e d 73.6% of t h e t o t a l v a r i a t i o n . 
T h i s can be r e - e x p r e s s e d a s : 
N = 2 . 2 0 5 + 0 . 1 0 9 YR + ( 0 . 3 3 5 + 0 . 0 2 7 YR) CW (Eq 4 . 3 ) 
I f t h i s model h o l d s , i t i m p l i e s t h a t t h e smoothed s e a s o n a l v a r i a t i o n 
w i t h i n a y e a r h a s i n c r e a s e d f r o m 0 . 3 3 mg/1 i n 1965 t o a b o u t 0 . 9 3 mg/1 
by 1987. Thus t h e i n c r e a s e o f 2 . 3 6 mg/1 in a n n u a l mean o v e r t h e p e r i o d 
h a s been p a r t i a l l y c o m p l i m e n t e d by an i n c r e a s e i n a v e r a g e d s e a s o n a l 
v a r i a t i o n of 0 . 6 mg/1 . 
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Figure 4.1 (A) Seasonal and (B) Annual summary statistics for nitrate 
concentration (mg/1) in the River Frome at East Stoke 
(Dorset) over the period 1965-87. For each year, and each 
week (1-52) of the year, the mean, minimum and maximum 
values are shown. Vertical bars denote + 1 standard errors. 
4.4 Changes in Seasonal Pattern of Nitrate Concentration 
The descriptive model equation (4.3) suggests the seasonal pattern of 
nitrate concentration may have changed over the period, perhaps due to 
changes in farming practice and timing of fertiliser application. 
To examine this, Table 4.2 and Figure 4.2 show the change in 
three-monthly mean nitrate concentration over the period 1965-1987. 
The linear trends for each quarter separately, given in Table 4.3, 
show that nitrate concentration has increased in all seasons of the 
year, but the increase is greatest in winter. Average summer 
(July-September) concentration has increased by about 2 mg/1 from 
1.7 mg/1 in 1965, while average winter (January-March) concentration 
has increased by about 3 mg/1 from 2.4 mg/1 in 1965. 
Table 4.2 Quarterly means of nitrate concentration (mg/1) in the River 
Frome at East Stoke over the period 1965-87. 
Year JAN-MAR APR-JUN JUL-SEP OCT-DEC Annual 
mean 
1965 2.39 1.84 1.70 2.29 2.05 
1966 2.74 2.40 2.03 2.46 2.42 
1967 2.68 2.14 1.99 2.44 2.31 
1968 2.70 1.96 1.95 2.77 2.34 
1969 3.09 2.64 2.53 2.77 2.76 
1970 3.19 2.97 2.60 3.14 2.98 
1971 3.51 2.71 2.48 2.84 2.89 
1972 3.70 2.86 2.66 3.01 3.06 
1973 3.40 2.54 2.35 2.91 2.80 
1974 3.72 2.91 2.51 3.35 3.12 
1975 3.67 3.03 2.82 3.62 3.28 
1976 3.74 2.70 2.38 5.05 3.44 
1977 4.64 3.75 3.29 3.26 3.75 
1978 4.22 3.61 3.10 3.37 3.58 
1979 4.21 3.99 3.76 3.49 3.87 
1980 4.16 3.79 3.02 3.71 3.67 
1981 4.58 3.97 3.41 4.13 4.02 
1982 5.00 4.12 3.24 3.86 4.06 
1983 4.84 3.66 3.64 4.59 4.18 
1984 5.44 3.86 3.23 4.54 4.28 
1985 5.26 4.26 3.39 4.36 4.32 
1986 5.62 4.23 3.69 4.45 4.50 
1987 4.98 4.67 3.65 4.34 4.41 
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T a b l e 4 . 3 L i n e a r r e g r e s s i o n of w e e k l y n i t r a t e c o n c e n t r a t i o n (N) 
a g a i n s t y e a r ( T ) , s e p a r a t e l y f o r e a c h s e a s o n of t h e y e a r . 
D a t a f r o m R i v e r Frome a t E a s t S t o k e 1 9 6 5 - 8 7 . 
R e g r e s s i o n e q u a t i o n : N = a + b . T ; s t a n d a r d e r r o r s i n 
b r a c k e t s 
r 2 = % t o t a l v a r i a t i o n in w e e k l y c o n c e n t r a t i o n s e x p l a i n e d 
r r 2 = % o f be tween y e a r v a r i a t i o n e x p l a i n e d 
S e a s o n a (SEa) b (SEb) r2 rT 2 
JAN-MAR 2 . 4 9 ( 0 . 0 5 6 ) 0 . 1 3 5 ( 0 . 0 0 4 ) 77% 94% 
APR-JUN 2 . 0 0 ( 0 . 0 5 3 ) 0 . 1 1 3 ( 0 . 0 0 4 ) 72% 89% 
JUL-SEP 1 . 9 3 ( 0 . 0 5 6 ) 0 . 0 8 3 ( 0 . 0 0 4 ) 55% 84% 
OCT-DEC 2 . 4 1 ( 0 . 0 7 4 ) 0 . 1 0 0 ( 0 . 0 0 6 ) 51% 75% 
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4 . 5 D i s c h a r g e r eg ime o v e r t h e p e r i o d 1965-87 
The a n n u a l and s e a s o n a l v a r i a t i o n 1n mean d a i l y d i s c h a r g e a t t h e 
s a m p l i n g s i t e o v e r t h e 23 y e a r s i s shown i n T a b l e 4 . 4 and f i g u r e 4 . 3 . 
T h e r e h a s been no l o n g - t e r m c h a n g e i n d i s c h a r g e , wh ich means any m a j o r 
i n c r e a s e in n i t r a t e l o a d i n g i s due j u s t t o t h e I n c r e a s e i n 
c o n c e n t r a t i o n . T h e r e i s a c y c l i c a l s e a s o n a l p a t t e r n t o t h e d i s c h a r g e , 
r a n g i n g f r o m a a v e r a g e of 3 m 3 s - 1 1n Augus t t o 12 m 3 s - 1 i n 
J a n u a r y / F e b u a r y . 
T a b l e 4 . 4 Annual s t a t i s t i c s f o r d a i l y mean d i s c h a r g e ( m 3 s _ 1 ) i n t h e 
R i v e r Frome a t E a s t S t o k e , D o r s e t . 
Year Mean S . E . Minimum Maximum 
1965 6 . 5 2 0 . 4 0 3 . 7 4 1 6 . 4 5 
1966 9 . 3 8 0 . 6 8 2 . 9 8 2 1 . 5 4 
1967 8 . 0 0 0 . 5 4 3 . 2 0 1 8 . 2 9 
1968 6 . 8 7 0 . 3 7 3 . 1 2 1 3 . 2 9 
1969 6 . 4 5 0 . 5 4 2 . 2 3 2 0 . 3 1 
1970 6 . 7 5 0 . 6 3 2 . 6 0 2 2 . 2 8 
1971 5 . 1 8 0 . 4 6 2 . 3 5 1 8 . 1 7 
1972 6 . 7 3 0 . 4 9 2 . 6 5 1 6 . 3 4 
1973 4 . 1 0 0 . 3 0 1 . 9 7 10 .82 
1974 6 . 9 4 0 . 5 6 2 . 5 1 1 9 . 7 5 
1975 5 . 7 8 0 . 5 5 2 . 2 2 1 8 . 7 6 
1976 4 . 7 0 0 . 5 9 1 . 0 7 17 .41 
1977 7 . 4 7 0 . 6 0 2 . 9 2 1 8 . 7 6 
1978 7 . 5 4 0 . 6 7 2 . 7 4 2 1 . 2 4 
1979 7 . 4 6 0 . 5 3 2 . 9 4 1 8 . 4 5 
1980 7 . 4 1 0 . 5 2 3 . 0 6 1 6 . 3 0 
1981 7 . 8 7 0 . 5 4 3 . 2 2 1 9 . 3 8 
1982 7 . 5 7 0 . 6 1 2 . 4 4 2 0 . 6 0 
1983 6 . 3 6 0 . 4 7 2 . 7 4 1 7 . 4 4 
1984 5 . 8 4 0 . 5 2 2 . 2 3 1 7 . 1 3 
1985 6 . 3 2 0 . 5 0 2 . 8 5 2 0 . 5 2 
1986 7 . 2 9 0 . 5 4 2 . 1 3 1 8 . 6 3 
1987 5 . 9 8 0 . 4 7 2 . 0 4 1 5 . 9 1 
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F i g u r e 4 . 3 (A) S e a s o n a l and (B) Annual summary s t a t i s t i c s f o r 
d i s c h a r g e ( m 3 s - 1 ) i n t h e R i v e r Frome a t E a s t S t o k e ( D o r s e t ) 
o v e r t h e p e r i o d 1 9 6 5 - 8 7 . For e a c h y e a r , and e a c h week 
( 1 - 5 2 ) of t h e y e a r , t h e mean, minimum and maximum v a l u e s 
a r e shown. V e r t i c a l b a r s d e n o t e ±1 s t a n d a r d e r r o r s . 
4 . 6 L o n g - t e r m t r e n d in N i t r a t e Load ing 
Given a w e e k l y s p o t v a l u e of n i t r a t e c o n c e n t r a t i o n and d a i l y mean 
d i s c h a r g e s i t i s p o s s i b l e t o e s t i m a t e w e e k l y and a n n u a l 
t h r o u g h p u t s / l o a d i n g s of n i t r a t e i n s e v e r a l ways : 
( 1 ) D e r i v e a model p r e d i c t i n g n i t r a t e c o n c e n t r a t i o n f o r a g i v e n 
d a i l y mean d i s c h a r g e ; and u s e t h i s t o e s t i m a t e t h e n i t r a t e 
c o n c e n t r a t i o n on e a c h of t h e 6 i n t e r v e n i n g n o n - s a m p l e d d a y s of 
e a c h week. N i t r a t e l o a d i n g can t h e n be e s t i m a t e d s e p a r a t e l y f o r 
e a c h day and summed. 
( 2 ) L i n e a r l y i n t e r p o l a t e be tween w e e k l y n i t r a t e v a l u e s t o e s t i m a t e 
t h e i n t e r v e n i n g d a y s . 
( 3 ) C a l c u l a t e t h e n i t r a t e l o a d on j u s t t h e week ly sampled d a y s , and 
t r e a t t h i s l o a d i n g a s a p p l y i n g f o r one week. 
Though t h e m e t h o d s g i v e n u m e r i c a l l y d i f f e r e n t e s t i m a t e s o f l o a d i n g s , 
t h e y a r e h i g h l y c o r r e l a t e d and t h e p r a c t i c a l r e s u l t s a r e v e r y s i m i l a r . 
Method ( 3 ) h a s t h e a d v a n t a g e s of s i m p l i c i t y and t h a t a c t u a l v a l u e s of 
b o t h c o n c e n t r a t i o n and d i s c h a r g e f r o m t h e same day a r e u s e d . I t i s t h e 
method u s e d f o r e x a m i n i n g l o a d i n g s in t h i s r e p o r t . 
The a n n u a l v a r i a t i o n and l o n g - t e r m t r e n d a r e summar i sed i s T a b l e 4 . 5 
and F i g u r e 4 . 4 . N i t r a t e l o a d s have a p p r o x i m a t e l y d o u b l e d s i n c e 1965, 
in p a r a l l e l w i t h t h e d o u b l i n g of n i t r a t e c o n c e n t r a t i o n . 
T a b l e 4 . 5 Annual s t a t i s t i c s f o r n i t r a t e l o a d i n g s ( t o n n e s / w e e k ) in t h e 
R i v e r Frome a t E a s t S t o k e , D o r s e t . 
Year Mean S . E . Minimum Maximum 
1965 8 . 5 1 0 . 7 6 3 . 5 8 2 9 . 8 5 
1966 1 3 . 9 8 1 . 1 3 3 . 4 2 4 0 . 7 9 
1967 1 1 . 5 0 0 . 8 9 3 . 3 0 2 4 . 0 0 
1968 1 0 . 2 3 0 . 7 8 3 . 2 8 2 5 . 0 0 
1969 1 0 . 9 7 0 . 9 9 3 . 2 6 3 1 . 1 3 
1970 1 2 . 4 4 1 . 2 0 3 . 5 5 3 5 . 3 0 
1971 9 . 6 1 1 . 0 1 3 . 1 6 3 2 . 0 3 
1972 1 2 . 9 2 1 . 1 6 3 . 7 2 3 3 . 9 0 
1973 7 . 2 4 0 . 6 8 2 . 4 2 2 0 . 4 8 
1974 1 3 . 7 4 1 . 2 7 3 . 1 9 4 0 . 1 3 
1975 1 2 . 0 8 1 . 3 2 . 3 . 4 6 3 9 . 4 1 
1976 1 1 . 8 9 1 . 9 3 1 . 1 0 5 3 . 0 7 
1977 1 7 . 9 9 1 . 8 3 5 . 2 6 5 1 . 7 4 
1978 1 6 . 9 4 1 . 6 9 4 . 4 0 4 6 . 0 9 
1979 1 8 . 2 6 1 . 5 0 6 . 1 3 4 4 . 3 2 
1980 1 7 . 2 1 1 . 4 5 5 . 5 3 4 0 . 7 2 
1981 1 9 . 3 4 1 . 5 5 5 . 6 7 6 0 . 3 6 
1982 1 9 . 5 0 1 . 8 3 4 . 2 9 5 1 . 2 0 
1983 1 6 . 5 0 1 . 4 6 4 . 4 3 5 1 . 2 6 
1984 1 6 . 6 8 1 . 9 4 3 . 1 8 5 9 . 1 1 
1985 1 7 . 2 9 1 . 6 4 5 . 5 7 4 7 . 6 8 
1986 2 0 . 7 0 2 . 0 0 5 . 0 8 6 6 . 2 1 
1987 1 6 . 8 3 1 . 5 1 4 . 1 0 4 5 . 4 2 
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4 . 7 Changes i n t h e S e a s o n a l P a t t e r n of N i t r a t e L o a d i n g 
Both n i t r a t e c o n c e n t r a t i o n and d i s c h a r g e have a s e a s o n a l c y c l e w i t h 
h i g h e s t l e v e l s i n w i n t e r . N i t r a t e l o a d i n g s , b e i n g t h e m a t h e m a t i c a l 
p r o d u c t o f c o n c e n t r a t i o n and d i s c h a r g e , h a s a s i m i l a r s e a s o n a l 
p e r i o d i c i t y ( F i g u r e 4 . 4 ) . However t h e n i t r a t e l o a d i n g i s much more 
v a r i a b l e t h a n t h e n i t r a t e c o n c e n t r a t i o n ( c f F i g u r e 4 . 1 ) , e s p e c i a l l y 
d u r i n g t h e v a r i a b l e h i g h w i n t e r f l o w s . T h i s g r a p h i c a l l y s u p p o r t s t h e 
c o n c l u s i o n of s e c t i o n 5 t h a t i n e s t i m a t i n g l o a d s r a t h e r t h a n 
c o n c e n t r a t i o n s , t h e d i s c h a r g e v a r i a t i o n i s more i n f l u e n t i a l , and n e e d s 
t o be sampled more f r e q u e n t l y t h a n n i t r a t e c o n c e n t r a t i o n i t s e l f . 
F o r t u n a t e l y d i s c h a r g e v a l u e s a r e u s u a l l y more r e a d i l y a v a i l a b l e f r o m 
Wate r A u t h o r i t y g a u g i n g s t a t i o n s . 
To s e e w h e t h e r t h i s s e a s o n a l p a t t e r n of n i t r a t e l o a d i n g h a s changed 
o v e r t h e p a s t 23 y e a r s , t h e e s t i m a t e d t o t a l q u a r t e r l y l o a d s f o r e a c h 
y e a r a r e shown i n T a b l e 4 . 6 and F i g u r e 4 . 5 . 
T a b l e 4 . 6 T o t a l q u a r t e r l y and a n n u a l n i t r a t e l o a d s ( t o n n e s ) i n t h e 
R i v e r Frome a t E a s t S t o k e ( D o r s e t ) o v e r t h e p e r i o d 1965 -87 . 
Year JAN-MAR APR-JUN JUL-SEP OCT-DEC T o t a l 
1965 156 79 62 146 443 
1966 324 169 62 162 717 
1967 248 124 59 169 600 
1968 188 77 69 198 532 
1969 282 122 68 99 571 
1970 301 118 69 159 647 
1971 257 114 56 68 495 
1972 283 163 75 150 671 
1973 183 87 47 57 374 
1974 275 101 87 250 713 
1975 327 129 69 100 625 
1976 102 50 41 448 641 
1977 482 215 89 141 927 
1978 435 227 108 101 871 
1979 377 279 124 161 941 
1980 408 202 91 191 892 
1981 380 268 118 239 1005 
1982 465 192 77 282 1016 
1983 379 214 100 161 854 
1984 445 150 62 196 853 
1985 432 199 97 166 894 
1986 458 221 110 288 1077 
1987 357 281 74 158 870 
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F i g u r e 4 . 4 (A) S e a s o n a l and (B) Annual summary s t a t i s t i c s f o r n i t r a t e 
l o a d ( t o n n e s / w e e k ) in t h e R i v e r Frome a t E a s t S t o k e 
( D o r s e t ) o v e r t h e p e r i o d 1 9 6 5 - 8 7 . For e a c h y e a r , and e a c h 
week ( 1 - 5 2 ) of t h e y e a r , t h e mean, minimum and maximum 
v a l u e s a r e shown. V e r t i c a l b a r s d e n o t e ± 1 s t a n d a r d e r r o r s . 
O b v i o u s l y t h e 1976 d r o u g h t y e a r was e x c e p t i o n a l . The l a s t o f 1975 /76 
w i n t e r r a i n s l e d t o an u n u s u a l l y low w i n t e r n i t r a t e l o a d , f o l l o w e d by 
an e x c e p t i o n a l l y h i g h autumn l o a d w i t h t h e f i r s t r a i n s i n autumn 1976. 
T a b l e 4 . 7 shows l i n e a r r e g r e s s i o n s of t h e t r e n d f o r e a c h q u a r t e r ' s 
l o a d e x c l u d i n g 1976. B e c a u s e t h e l o a d s a r e v e r y v a r i a b l e and odd y e a r s 
m i g h t d o m i n a t e t h e r e g r e s s i o n , a r a n k c o r r e l a t i o n t e s t f o r l o n g - t e r m 
t r e n d ( i n c l u d i n g 1976) i s a l s o i n c l u d e d . T h e r e a r e s t a t i s t i c a l l y 
s i g n i f i c a n t i n c r e a s e s i n l o a d o v e r t h e p e r i o d f o r e v e r y s e a s o n e x c e p t 
summer ( J u l y - S e p t ) , whe re t h e i n t e r - y e a r v a r i a t i o n may be mask ing t h e 
s m a l l e r i n c r e a s e . 
T a b l e 4 . 7 L i n e a r r e g r e s s i o n of t o t a l n i t r a t e l o a d i n t o n n e s N (L) 
a g a i n s t y e a r (T) s e p a r a t e l y f o r e a c h q u a r t e r / s e a s o n o f t h e y e a r . Data 
f r o m R i v e r Frome a t E a s t S t o k e 1 9 6 5 - 8 7 . 
R e g r e s s i o n e q u a t i o n ( E x c l u d i n g 1976) : L = a + b .T 
SE = S t a n d a r d E r r o r ; r 2 = % v a r i a t i o n e x p l a i n e d 
r s = Spearman Rank C o r r e l a t i o n ( i n c l u d i n g 1976) 
P = S i g n i f i c a n c e l e v e l o f t e s t t h a t r s = 0 
S e a s o n a (SEa) b (SEb) r2 r s P 
JAN-MAR 217 ( 2 5 ) 1 1 . 0 ( 1 . 9 ) 62% 0 . 7 3 <0.001 
APR-JUN 94 ( 1 8 ) 6 . 9 ( 1 . 4 ) 55% 0 . 6 9 <0.001 
JUL-SEP 61 ( 7 ) 1 . 8 ( 0 . 6 ) 35% 0 . 5 9 <0.01 
OCT-DEC 127 ( 2 3 ) 3 . 6 ( 1 . 8 ) 16% 0 . 3 4 >0 .05 
To remove t h e g e n e r a l t r e n d i n l o a d and t h e b e t w e e n y e a r v a r i a t i o n , 
t h e q u a r t e r l y t o t a l l o a d s a r e e x p r e s s e d a s p e r c e n t a g e s of t h e a n n u a l 
l o a d i n T a b l e 4 . 8 and F i g u r e 4 . 6 . L i n e a r r e g r e s s i o n and r a n k t e s t s f o r 
t r e n d d i d n o t r e v e a l any s t a t i s t i c a l l y s i g n i f i c a n t t r e n d s in t h e 
p r o p o r t i o n o f a n n u a l l o a d b e i n g t r a n s p o r t e d e a c h s e a s o n . 
On a v e r a g e , 44% o f t h e n i t r a t e s l o a d i s t r a n s p o r t e d d u r i n g t h e w i n t e r 
p e r i o d J a n u a r y - M a r c h . In c o n t r a s t , o n l y 11% of t h e a n n u a l l o a d i s 
t r a n s p o r t e d down t h e r i v e r d u r i n g t h e summer p e r i o d J u l y - S e p t e m b e r . 
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Table 4.8 Percentage of total annual nitrate load (tonnes) occurring 
in each season. Data from the River Frome at East Stoke 
(Dorset) over the period 1965-87. 
Year JAN-MAR APR-JUN JUL-SEP OCT-DEC Total 
Load 
1965 35 18 14 33 443 
1966 45 23 9 23 717 
1967 41 21 10 28 600 
1968 35 15 13 37 532 
1969 50 21 12 17 571 
1970 46 18 11 25 647 
1971 52 23 11 14 495 
1972 42 24 11 23 671 
1973 49 24 13 15 374 
1974 39 14 12 35 713 
1975 52 21 11 16 625 
1976 16 8 6 60 641 
1977 52 23 10 15 927 
1978 50 26 12 12 871 
1979 40 30 13 17 941 
1980 46 23 10 21 892 
1981 38 26 12 24 1005 
1982 46 19 7 28 1016 
1983 44 25 12 19 854 
1984 52 18 7 23 853 
1985 48 22 11 19 894 
1986 43 21 10 26 1077 
1987 41 32 9 18 870 
Average 44 21 11 24 
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5 SAMPLING AND ERROR IN ESTIMATING NITRATE LOAD 
In addition to simple monitoring the nitrate concentration levels in 
rivers, it is also of interest to know how much nitrate is being 
removed and transported down the river - termed the nitrate loading. 
Assume the nitrate load per day L (tonnes N / day) is to calculated 
as the product of the mean nitrate concentration for the day C (mg 
N/1) and the mean discharge Q (cumecs) by : 
L = C * Q * k 
where k=0.0864 is a units conversion constant. 
Let the sample mean and standard deviation of concentration C over the 
period be denoted by uc, sc; 
let the Coefficient of Variation of C = CVc = sc / uc; 
and similarly for Q and L. 
Then the mean load is : 
UL = ( UC * UQ + rcQ * sc * SQ ) * k 
Notice that if the concentration 1s positively correlated with the 
day's flow, then the mean load is greater than the product of the mean 
concentration and mean flow; and vica versa. 
The variance of the loads over the study periods is : 
S L 2 = ( ( U Q S C ) 2 + ( U C S Q ) 2 + 2 r C Q U C U Q S s ) * k 
Dividing by (ucuQk)2 gives : 
SL2 = CVc2 + CVQ2 + 2rcQCVcCVQ 
Roughly speaking, this means that if the flows are twice as variable 
as the concentrations (i.e. have twice the CV) then they contribute 
four times as much to the variability in the loads. On the River Frome 
at East Stoke the average CV of nitrate concentration within a year 
(eliminating variation due to the long-term trend) is only 20% of the 
mean, whereas for flow it is 58%. Thus even in the River Frome, where 
flows are fairly stable, it initially appears that variation in flow 
causes over 80% of the variability in the nitrate load. This simple 
approach of assessing the relative contributions to variability in 
load could be applied to any river. 
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6 TIME SERIES MODELLING OF NITRATES 
The development of any time series models usually begins with 
computing the autocorrelations of a series of data. 
If N(t) = Nitrate concentration at time t ; 
where time may be in any units, such as 30 minute multiples, or weeks, 
then the autocorrelation of lag k, termed r(k), is defined as the 
correlation between values of N which are k time units apart. 
i.e. r(k) = Correlation between N(t) and N(t+k) 
6.1 Short-term autocorrelations in nitrate concentration 
The nine months data of automated 30-minute nitrate sampling, 
described in section 3, was used to assess the extent to which current 
concentration is related to the previous few hours values. Though the 
sampling initially intended to obtain values every 30 minutes, the 
final record contained many 'missing' values. However it was still 
possible to calculate the autocorrelations from the available record 
of over 8000 values. 
In order to only describe the real short-term relationship between 
successive nitrate values it was necessary to remove the seasonal 
'deterministic' component of nitrate variation detected in the 
long-term record, as described 1n section 4. The 30 minute series of 
values was seasonally-adjusted by fitting a cosine wave peaking on day 
35, which accounted for 64% of the total variance in nitrate values 
(Table 6.1). The resultant series was then used to compute the 
autocorrelations given in Table 6.2. The autocorrelations decay away 
very slowly and the first four partial autocorrelations, at least, are 
all significant. 
Though a simple first-order autoregressive model on the 
seasonally-adjusted concentrations explains 87.5% of the total nitrate 
variation, and three extra autoregressive terms only explain a further 
1.7% (Table 6.1), the first-order model is inadequate to use as a 
model to simulate the way nitrate changes behave. An adequate model of 
30 minute behaviour would have to involve several complex terms and 
more frequent discharge data and is beyond the scope of this report. 
From the residual standard deviations given in Table 6.1, we see that 
the very short term random variability in nitrate concentration has a 
standard deviation of just under 0.2 mg/1. This gives the absolute 
lowest limit of accuracy for any descripive or predictive model of 
nitrate concentration - at this site. 
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Table 6.1 Breakdown of variance of the nine month record of 30 minute 
sampling of nitrate concentration (mg/1). 
Table 6.2 Autocorrelations and Partial Autocorrelations of the 
Seasonally-adjusted nitrate concentrations sampled at 30 
minute intervals. 
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6.2 Modelling the Long-term records of Nitrates 
At most sites being monitored for nitrates, the main additional data 
available is usually the daily mean discharge at that site or a nearby 
comparable site. For instance, at East Stoke on the River Frome, 
weekly nitrate samples and daily mean discharges are both available 
since 1966. We have therefore restricted our attention to developing 
models based on using just nitrate and discharge data. Time series 
modelling based on the standard Box and Jenkins autoregressive moving 
average type models (Box and Jenkins, 1970) have been used in 
conjunction with multiple regression models. In this section we have 
looked at nitrate concentration in isolation. In section 6.3, we have 
briefly modelled the daily discharge pattern, and in section 6.4 we 
have combined this information into a simple model for nitrates as a 
function of discharge. 
Before examining the autocorrelation pattern in successive weekly 
nitrate concentrations, the deterministic long-term trend and 
increasing seasonal component, as given by equation 4.3 of section 4, 
were removed from the series of values to give what is termed a 
'stationary' time series. This removed 72% of the total variation in 
nitrate values over the 22 years. The adjusted series represents the 
variation about the norm for that year and time of year. It is this 
variation which we now examine to see if successive weeks' deviations 
from the norm are related. 
There were 15 (non-consecutive) missing values over the 22 years, 
usually at Christmas !. Most time-series methods and computer packages 
cannot cope with missing values, so these were estimated by equation 
4.3, which led to estimates of zero 1n the stationary adjusted series. 
Such a low proportion of missing values should not affect the analysis 
very much. 
Let ARMA(i, j) denote an autoregressive moving-average model with 
i autoregresssive terms and j moving-average terms 
- see Box and Jenkins (1970) for further details. 
The autocorrelations and partial autocorrelations of the adjusted 
series are given in Table 6.3. The correlation between successive 
weeks deviations in concentration is +0.403 , which is statistically 
highly significant (P<0.001), but not very high practically. Thus if 
one week's concentration is higher than average for the time of year, 
then there is some tendency for the next week's concentration to also 
be high, and vica versa. The first three partial autocorrelations are 
statistically significant, suggesting some dependence of current 
concentration on the previous three weeks concentrations. However, as 
shown in Table 6.4, these is little practical improvement in using any 
univariate model other than the simple ARMA(1,0) model : 
N't = 0.403 N't-1 (Eq 6.1) 
where N't = Adjusted nitrate concentration at time t. 
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T a b l e 6 . 3 A u t o c o r r e l a t i o n s and P a r t i a l A u t o c o r r e l a t i o n s o f t h e 
a d j u s t e d s t a t i o n a r y n i t r a t e c o n c e n t r a t i o n s s ampled a t w e e k l y 
i n t e r v a l s i n t h e R i v e r Frome ( D o r s e t ) b e t w e e n 1966-1987 . 
Lag Auto - P a r t i a l A u t o -
(Weeks) C o r r e l a t i o n C o r r e l a t i o n 
1 0 . 4 0 3 0 . 4 0 3 
2 0 . 2 7 6 0 . 1 3 6 
3 0 . 2 6 7 0 . 1 4 1 
4 0 . 2 1 4 0 . 0 5 6 
5 0 . 1 7 1 0 . 0 3 1 
6 0 . 1 9 8 0 . 0 8 6 
7 0 . 1 5 2 0 . 0 0 9 
8 0.108 -0.011 
9 0 . 1 2 9 0 . 0 4 1 
10 0 . 0 9 1 - 0 . 0 1 4 
11 0 . 0 9 4 0 . 0 2 6 
12 0.062 -0.026 
T a b l e 6 . 4 Breakdown o f t o t a l v a r i a n c e i n n i t r a t e c o n c e n t r a t i o n (mg/1) 
s a m p l e d w e e k l y i n t h e R i v e r Frome a t E a s t S t o k e ( D o r s e t ) 
o v e r t h e p e r i o d 1 9 6 6 - 8 7 . 
Components % v a r i a n c e R e s i d u a l 
I n c l u d e d e x p l a i n e d S t a n d a r d 
D e v i a t i o n 
NONE 0 . 0 0 . 9 6 9 
T r e n d 4 8 . 9 0 . 6 9 3 
Trend + S e a s o n a l 7 0 . 6 0 . 5 2 6 
D e t e r m i n i s t i c = Trend 
+ I n c r e a s i n g S e a s o n a l 7 2 . 1 0 . 5 1 3 
D e t e r m i n i s t i c 
+ ARMA(1,0) 7 6 . 6 0 . 4 6 9 
D e t e r m i n i s t i c 
+ ARMA(1,1) 7 7 . 5 0 . 4 5 9 
D e t e r m i n i s t i c + ARMA(3,0) 77 .4 0.460 
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6 . 3 T i m e s - s e r i e s A n a l y s i s of D i s c h a r g e 
In s e c t i o n 4 . 5 , i t was shown t h a t t h e r e h a s been no l o n g - t e r m c h a n g e 
in d i s c h a r g e l o c a l l y , b u t t h a t t h e r e i s a p r o n o u n c e d s e a s o n a l c y c l e 
( F i g u r e 4 . 3 ) . B e c a u s e of t h e g r e a t e r v a r i a b i l i t y i n d i s c h a r g e s and t h e 
o c c a s i o n a l v e r y ( r e l a t i v e l y ) h i g h f l o w s , d i s c h a r g e v a l u e s a r e b e s t 
a n a l y s e d on a l o g a r i t h m i c s c a l e ( b a s e e i s used t h r o u g h o u t ) . The 
s e a s o n a l component i n d a i l y mean d i s c h a r g e i s w e l l r e p r e s e n t e d by a . 
c o s i n e wave p e a k i n g i n l a t e F e b r u a r y ( i e . a f t e r week 7 o r day 49 ) : 
Log e D i s c h a r g e = 1 . 7 3 4 + 0 . 5 8 4 C o s ( D a y - 4 9 ) (Eq 6 . 2 ) 
where D a y = 1 , . . . , 3 6 5 
T h i s removes 50% o f t h e v a r i a t i o n i n d a i l y mean d i s c h a r g e . 
The a u t o c o r r e l a t i o n s and p a r t i a l a u t o c o r r e l a t i o n s o f t h e s e a s o n a l l y -
a d j u s t e d d i s c h a r g e s a r e g i v e n i n T a b l e 6 . 5 . 
T a b l e 6 . 5 A u t o c o r r e l a t i o n s and P a r t i a l A u t o c o r r e l a t i o n s o f t h e 
s e a s o n a l l y - a d j u s t e d l o g e d a i l y mean d i s c h a r g e s ( m 3 s - 1 ) f o r 
t h e R i v e r Frome ( D o r s e t ) be tween 1966 -1987 . 
Lag Auto - P a r t i a l A u t o - C o r r e l a t i o n 
(Days) C o r r e l a t i o n 
1966-87 1966-87 1966-76 1976-87 
1 0 . 9 5 0 0 . 9 5 0 0 . 9 6 0 0 . 9 2 5 
2 0 . 8 9 3 - 0 . 0 9 3 - 0 . 0 8 6 - 0 . 1 0 2 
3 0 . 8 5 8 0 . 2 0 3 0 . 2 0 7 0 . 1 8 8 
4 0 . 8 3 1 0 . 0 2 2 0 . 0 3 3 0 . 0 0 5 
5 0 . 8 0 5 0 . 0 4 6 0 . 0 3 7 0 . 0 4 8 
6 0 . 7 8 0 0 . 0 1 9 0 . 0 0 2 0 . 0 3 4 
7 0 . 7 6 0 0 . 0 4 7 0 . 0 5 6 0 . 0 3 1 
8 0 . 7 4 1 0 . 0 0 9 0 . 0 0 1 0 . 0 1 3 
9 0 . 7 2 5 0 . 0 4 9 0 . 0 5 9 0 . 0 3 3 
10 0 . 7 1 1 0 . 0 1 6 0 . 0 2 8 0 . 0 0 0 
11 0 . 6 9 9 0 . 0 4 9 0 . 0 3 7 0 . 0 5 8 
12 0 . 6 9 0 0 . 0 2 8 0 . 0 0 7 0 . 0 4 7 
The f i r s t t h r e e p a r t i a l a u t o c o r r e l a t i o n s a r e a l l s i g n i f i c a n t 
( P < 0 . 0 0 1 ) and s u g g e s t e d t h e f o l l o w i n g ARMA(3,0) model : 
Dt = a 1 . D t - 1 + a2.Dt-2 + a3.Dt-3 
T h i s model was f i r s t f i t t e d t o a l l t h e 22 y e a r s d a t a , t h e n c o m p l e t e l y 
s e p a r a t e l y f o r e a c h o f t h e f i r s t and s e c o n d 11 y e a r s o f t h e p e r i o d . 
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The p r e c i s e d e p e n d e n c e o f c u r r e n t mean d a i l y d i s c h a r g e on t h e t h r e e 
p r e v i o u s d a y s ' d i s c h a r g e a p p e a r s n o t t o have changed o v e r t h e two 
d e c a d e s ( T a b l e 6 . 6 ) . The model e s t i m a t e d f o r t h e d i s c h a r g e s i n 1966-76 
d e s c r i b e s t h e d i s c h a r g e s i n 1977-87 a s w e l l a s t h e model f i t t e d 
s p e c i f i c a l l y t o t h e d i s c h a r g e s i n 1977-87 ; and v i c a v e r s a . D e s p i t e t h e 
h i g h e r d e g r e e o f v a r i a b i l i t y i n d i s c h a r g e in t h e f i r s t 11 y e a r s 
( p a r t l y d u e t o t h e 1975 /76 d r o u g h t ) , a s m e a s u r e d by t h e T o t a l SD, b o t h 
p e r i o d s a r e p r e d i c t a b l e t o a b o u t t h e same d e g r e e of a c c u r a c y ( r e s i d u a l 
SD = 0 . 1 2 6 f o r 1966-76 and 0 . 1 2 2 f o r 1977-86 ; T a b l e 6 . 6 ) . 
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T a b l e 6 . 6 C o n s i s t e n c y of an a u t o r e g r e s s i v e model f o r 
s e a s o n a l l y - a d j u s t e d d a i l y mean d i s c h a r g e ( m 3 s _ 1 ) f o r t h e 
R i v e r Frome a t E a s t S t o k e o v e r t h e p e r i o d 1 9 6 6 - 1 9 8 7 . 
SD = S t a n d a r d D e v i a t i o n 
Y e a r s used in model e s t i m a t i o n 
1966-87 1966-76 1977-87 
a1 1 . 0 5 8 1 . 0 6 6 1 . 0 4 5 
a2 - 0 . 3 0 5 - 0 . 3 0 8 - 0 . 3 0 1 
a3 0 . 2 0 4 0 . 2 1 0 0 . 1 9 1 
T o t a l SD 0 . 4 0 9 0 . 4 6 8 0 . 3 3 0 
R e s i d u a l SD b a s e d 1966-76 0 . 1 2 6 0 . 1 2 2 
on model e s t i m a t e d 
f r o m y e a r s : 1977-87 0 . 1 2 7 0 . 1 2 2 
6 . 4 M o d e l l i n g t h e r e l a t i o n s h i p be tween n i t r a t e s and d i s c h a r g e 
I n s e c t i o n 6 . 1 we saw how t h e d e - t r e n d e d s e a s o n a l l y - a d j u s t e d n i t r a t e 
c o n c e n t r a t i o n i n one week was p o s i t i v e l y c o r r e l a t e d w i t h t h e p r e v i o u s 
w e e k s ' v a l u e . However t h i s model can o n l y p r e d i c t a n i t r a t e v a l u e 
knowing t h e p r e v i o u s w e e k ' s v a l u e . I t can be more u s e f u l t o have an 
e q u a t i o n p r e d i c t i n g n i t r a t e s f r o m j u s t d e t e r m i n i s t i c c o m p o n e n t s and 
d i s c h a r g e s wh ich a r e o f t e n more r e a d i l y a v a i l a b l e . 
I n s e c t i o n 6 . 2 we saw how t h e d a i l y mean d i s c h a r g e was t o r e l a t e d t h e 
t h r e e p r e v i o u s d a y s ' d i s c h a r g e . 
To u s e t h i s i n f o r m a t i o n we have t r i e d numerous mode l s i n v o l v i n g 
p r e s e n t and p a s t d i s c h a r g e s . One o f t h e b e s t s i m p l e r e g r e s s i o n m o d e l s 
was an e x t e n s i o n of model e q u a t i o n 4 . 3 i n s e c t i o n 4 . 3 , namely : 
N = 2 . 2 1 2 + 0 . 1 0 9 YR + ( 0 . 3 2 1 + 0 . 0 2 8 YR).CW + 1 . 1 3 4 SDWEEK - 0 . 7 9 8 SDDAY 
( 0 . 0 2 9 ) ( 0 . 0 0 2 ) ( 0 . 0 4 2 ) ( 0 . 0 0 3 ) ( 0 . 0 9 4 ) ( 0 . 0 9 0 ) 
w i t h s t a n d a r d e r r o r s of c o e f f i c i e n t s i n b r a c k e t s (Eq 6 . 3 ) 
and whe re SDDAY and SDWEEK a r e t h e s e a s o n a l l y - a d j u s t e d l o g d i s c h a r g e s 
( u s i n g e q u a t i o n 6 . 2 ) f o r t h e c u r r e n t d a y , and a v e r a g e d o v e r t h e p a s t 
week, r e s p e c t i v e l y . 
T h i s and o t h e r m o d e l s s u g g e s t t h a t t h o u g h n i t r a t e c o n c e n t r a t i o n t e n d s 
t o be h i g h e r i f c u r r e n t d i s c h a r g e 1s h i g h e r t h a n a v e r a g e f o r t h e 
s e a s o n ; i f t h e d i s c h a r g e h a s a l r e a d y been h i g h e r t h a n a v e r a g e f o r 
s e v e r a l d a y s ( e g . t h e p a s t w e e k ) , t h e n t h e h i g h e r t h e c u r r e n t d a y ' s 
f l o w t h e g r e a t e r t h e c h a n c e s o f d i l u t i o n e f f e c t s t h r o u g h t e m p o r a r y 
e x h a u s t i o n of n i t r a t e s u p p l y w i t h i n t h e c a t c h m e n t and g r o u n d w a t e r 
s y s t e m . 
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